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Abstract
Neuropsychological research examining hemispheric function has recently 
revealed important, and previously unrecognized, perceptual-motor 
processing advantages in the left and right hemispheres of the brain. This 
research has also highlighted verbal-motor disruption problems in the 
performance of motor skills that may be predictable given an understanding 
of hemispheric specialization and function. Applied research examining 
methodology to optimize brain functioning in the learning of motor skills 
has ignored this neuropsychological research. Instead, applied research 
interest has focussed upon an individual difference phenomenon known as 
hemisphericity, which affects approximately 25% of the population. An 
individual presenting hemisphericity appears biased toward a left or right 
hemisphere processing style regardless of task demands. Previous research 
has suggested that preferred teaching strategies may be necessary for 
individuals who present hemisphericity (Murray, 1979). Experiment 1 re­
examined this notion in the learning of a juggling skill. The three teaching 
conditions in this study accounted for the more recent neuropsychological, 
research findings. The results showed that, contrary to M urray's preferred 
teaching notion, hemisphericity subjects acquired and retained the skill best 
in an interhemispheric teaching condition in which both hemispheres were 
stimulated to contribute to the learning process. Fundamental to the success 
of the interhemispheric teaching approach is the use of verbal cues designed 
to limit verbal-motor disruption and to maximize interhemispheric 
interaction by stimulating both left and right hemisphere perceptual-motor 
processes. Experiment 2 examined the role of these cues by manipulating 
the nature of verbal cue structure in learning juggling. The results showed 
that verbal cues that matched verbal-motor timing, and minimized
v
phonetic difficulty, enhanced the acquisition and retention of the skill. The 
differential effects found for gender are explained by recourse to basic 
lateralized cerebral function research. The results of Experiment 2 show that 
verbal-motor disruption can be overcome with practice and that learning 
achieved is resistant under transfer conditions. These findings are unique 
because previous basic research has failed to employ learning paradigms in 
studying verbal-motor disruption. The discussion that follows considers the 
basic and applied implications of these findings.
Introduction
Neuropsychological research investigating hemispheric function has 
recently revealed important instructional implications for the effective 
teaching and learning of motor skills. Unfortunately, much of this 
information has been overlooked by applied researchers. The teaching 
literature that has attempted to address hemispheric function is 
predominantly based upon a popular, yet rather simplistic, verbal-nonverbal 
view of left-right hemispheric differences. Unfortunately, this research has 
ignored many other specialized perceptual-motor functions that are now 
recognized as unique to the left and right hemispheres. These functions are 
quite distinct from the common verbal-nonverbal dichotomy that has 
received so much popular attention. Consideration of these functions may 
help facilitate optimal motor skill performance and learning.
Applied research has ignored a further hemispheric function issue 
that concerns verbal-motor disruption phenomena. Verbal-motor 
disruption is commonly observed when the left hemisphere is overloaded 
by the concurrent processing of two tasks. For example, speech and right- 
handed sequential motor actions are both programmed by the left 
hemisphere (Harrington & Haaland, 1991) and so, if these activities are 
performed concurrently, the disruption of one or both activities may well 
occur. An understanding of this potential for motor disruption, and the 
factors that cause disruption, requires consideration when designing 
teaching strategies intent on optimizing the performance and learning of 
motor skills.
Motor disruption problems are thought to occur because speech and 
motor control of the right hand are both achievements of the left
1
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hemisphere (Kinsbourne & Hicks, 1978). Motor disruption of the right hand 
is most likely when concurrent speech is phonetically difficult (Hicks, 1975), 
or is incompatible with the natural rhythm of a motor skill (Thornton & 
Peters, 1982). Present theory explaining verbal-motor disruption 
phenomena suggests that verbal-motor disruption can be minimized by 
recognizing potentially interfering dual-task conditions, for example, by 
reducing the likelihood of verbal interference through verbal and motor 
timing compatibility (Hiscock & Chipuer, 1986).
Despite neuropsychological research evidence, applied research 
examining hemispheric function has until very recently had a limited view 
of left and right hemisphere functions. Typically, this research has ignored 
the neuropsychological literature highlighting important perceptual-motor 
abilities that are specific to the left and right hemispheres, and has not 
considered verbal-motor disruption research findings when designing 
instructional methodology (e.g., Murray, 1979).
Instead, this research has focused upon a simplistic verbal-nonverbal 
dichotomy of left and right hemisphere functions and an individual 
difference phenomenon known as hemisphericity. In addition to 
hemisphericity there are other hemispheric factors beyond the verbal- 
analytical, nonverbal-holistic dichotomy, that are perhaps even more 
important if we are to consider the implications of hemispheric function 
from an instructional perspective. These factors will now be outlined by 
discussing further differences in left and right hemisphere function.
Processing mechanisms in the right hemisphere are advantaged over 
those in the left hemisphere for nonverbal tasks such as; copying designs, 
recognizing faces, the discrimination and recall of non-descript tactual and 
visual forms, recognition of shapes and geometrical properties, spatial
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transformations and transpositions, and fitting forms into molds (Bryden, 
1990; Sperry, 1984). The right hemisphere is particularly adept at combining 
visuospatial processing ability with manipulative movements, this 
interaction is called manipulospatial ability (Franco & Sperry, 1977). Franco 
and Sperry suggest that the manipulospatial advantage in right hemisphere 
processing involves the ability to compare both kinesthetic and visual 
images. This comparison of two perceptions at the same time is known as 
appositional ability (Bogen, 1969), and appears not to be limited to intra- 
sensory perceptions.
Further research evidence suggests that the right hemisphere 
possesses another perceptual advantage known as chunking (Chabris & 
Hamilton, 1992). Expert chess players are better able to relate chess pieces 
together in subgroups and then store these chunks in long term memory 
(Chase & Ericsson, 1982). Flolding the chunks together are sets of 
relationships based upon the elements of the game. Chabris and Hamilton 
examined this ability in 16 chess masters using a divided visual field 
paradigm. Left visual field (right hemisphere) stimuli were chunked more 
successfully than right visual field (left hemisphere) stimuli, indicating a 
distinct advantage for this ability within the right hemisphere.
Chunking skills are thought to be necessary when learning the 
important movement sequences that comprise many physical activities 
(Magill, 1993). For example, Starkes, Deakin, Lindley, and Grisp (1987) found 
that experienced 11 year old ballet dancers, who were presented with eight 
elements making up a ballet routine, could recall these elements much 
more easily than novices. However, when presented with unstructured 
elements, there were no differences between experienced and inexperienced 
dancers. Complex motor skills can be reduced to more simple parts but the
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recognition of the relationships of these parts within whole movement 
patterns requires chunking ability. This organizational advantage in right 
hemisphere processing would seem particularly useful in the learning of 
complex motor skills.
The ability to follow an external auditory rhythm is also distinct to the 
right hemisphere. The lack of this ability is often revealed following brain 
damage in the right hemisphere. Upon right hemisphere damage certain 
motor abilities and functions may disappear or deteriorate. Right 
hemisphere temporal lobe damage has been shown to disturb motor ability, 
more specifically, such damage disrupts the processing ability to follow 
external auditory paced rhythmic stimuli affecting walking, dancing, 
singing, and speech (Fries & Swihart, 1990). Watson and Kimura (1989) 
suggest that the right hemisphere may mediate many timing functions and 
is advantaged in the processing of melodic patterns necessary for tempo and 
rhythm. In dance counting cues are often used to reinforce the movement 
sequences and timing of dance steps. Counting cues may also reduce the 
need for lengthy and more complex verbal instruction.
The use of verbal counting cues that reinforce the sequential parts of a 
motor pattern appears sensible when contemplating methods to maximize 
the right hemisphere's chunking and auditory rhythmic ability. If rhythmic 
and self-initiated auditory verbal cues can highlight important movement 
sequences then both the right hemisphere's chunking ability and auditory- 
motor ability may be facilitated in motor skill learning.
In summary, the right hemisphere is particularly advantaged in 
manipulospatial motor tasks and possesses an important system that 
facilitates the control of rhythmic movements. Perceptual advantages 
include the ability to compare two perceptions simultaneously, known as
5
appositional thought, and chunking, which is the ability to discriminate and 
recognize objects in groups according to relationships based upon prior 
rules. To limit the processing advantages of the right hemisphere to more 
descriptive notions such as visuospatial, or holistic, perhaps underestimates 
the right hemispheres potential contribution to skill learning.
In contrast, the left hemisphere is superior to the right hemisphere in 
verbal processes and is thought to be largely analytical in its processing 
mode. The left hemisphere is also thought to control sequential motor 
programming (Bryden, 1990; Harrington & Haaland, 1991; Sperry, 1984). In 
sequential motor tasks the successful postural transition from one 
movement to another is facilitated by a selection system residing within the 
left hemisphere (Goodale, 1988). This left hemisphere motor control system 
is involved in the programming of sequential movements on both sides of 
the body (Goodale, 1988) and is also thought to control the time-keeping of 
movements in both hands (Sergent, Hellige, & Cherry, 1993). Sequential 
ordering problems on both sides of the body are apparent within patients 
with left hemisphere lesions but not those with right hemisphere lesions 
(Harrington & Haaland, 1991).
Within the left hemisphere there are two systems that are critical for 
the programming of oral and praxis movement (Dewey, 1993). There 
appears to be a close functional relationship between these systems in the 
left hemisphere, as damage to the left hemisphere upsets the programming 
of movement sequences in both the right and left hands, and also speech 
production (Watson & Kimura, 1989). In fact, aphasic (loss of language) 
patients with left hemisphere dysfunction are impaired in both their left- 
and right-handed performance during complex sequential motor tasks 
(Goodale, 1988; Harrington & Haaland, 1991). This left hemisphere praxis
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system is thought to be necessary for selecting most types of movements or 
postures of the hands or arms (Kimura, 1993). Kimura suggests that this 
system is involved in the production of new postural movements and in 
the learning of motor skills.
Clearly, the importance of left hemisphere functions to motor skill 
performance extends far beyond the descriptive verbal-analytical notion that 
is often expressed in the more popular literature. For example, the 
organization and timing of sequential movements relies critically upon a 
left hemisphere motor system. Motor disruption problems may be observed 
when concurrent speech and sequential movements are performed 
concurrently. These problems are thought to occur because speech and 
motor control of the right hand are both facilitated by the left hemisphere 
(Kinsbourne & Hicks, 1978). Sequential motor disruption has been 
explained by the strong functional overlap between the left hemisphere's 
praxis system and speech production system (Kimura, 1993). Motor 
disruption is most likely when concurrent speech is phonetically difficult 
(Hicks, 1975) or is incompatible with the natural rhythm of a motor skill 
(Thornton & Peters, 1982). Minimizing the likelihood of disruption 
between these two systems would seem imperative to motor performance 
and skill learning.
Simple counting cues may minimize the likelihood for verbal-motor 
disruption by matching the timing of a motor skill and by their lack of 
phonetic difficulty. The facilitating effects of verbal cues, previously 
discussed from a right hemisphere perspective, may therefore not only be 
limited to the enhancement of chunking and rhythmic ability in the right 
hemisphere. Left hemisphere processing may also be facilitated by the 
verbal-motor interaction of such cues. If verbal cues are phonetically simple
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and rhythmically compatible with the sequential components of a motor 
skill, then the likelihood for verbal motor disruption should be diminished 
and interhemispheric interaction in the performance of a sequential motor 
skill should be enhanced.
Interhemispheric processing may be particularly necessary for the 
successful performance of motor skills. Spatial location ability has been 
shown to be greater in the right hemisphere than the left as shown by an 
advantage in left-handed localizing of positions in space (Roy & MacKenzie, 
1978). If arm and hand movements are under the control of the left 
hemisphere, while spatial location of external stimuli is controlled by the 
right hemisphere, then interhemispheric processing would be necessary to a 
varying degree for most movements. This interaction may be particularly 
important in responding to moving targets in sports settings (Kimura, 1993).
The applied literature that has examined methodology to optimize 
brain functioning in the learning of motor skills has almost completely 
ignored the importance of the neuropsychological research just discussed. 
Instead, this research has focused upon a popular individual difference 
phenomenon known as hemisphericity. Hemisphericity is a strong bias in 
information processing thought to be representative of left or right 
hemisphere processing. Murray (1979) has suggested that preferred 
processing biases may necessitate complementary teaching strategies based 
upon the verbal-nonverbal dichotomy of hemispheric function. However, 
the theory behind such hemispheric teaching strategies, does not account for 
the important neuropsychological research findings that highlight 
intrahemispheric perceptual-motor processing advantages, and verbal- 
motor disruption problems.
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Moreover, Murray's research investigated biased teaching strategies 
only on subjects who presented hemisphericity thereby ignoring the possible 
effects of such strategies upon the normal population. The preferred 
teaching notion is based purely upon the application of verbal-analytical and 
nonverbal-holistic techniques for left-brain, and right-brain, dominant 
subjects, respectively. The left and right hemisphere teaching strategies 
applied in Murray's study involved the use of verbal-part or nonverbal- 
whole methods. The design of such biased teaching techniques has 
therefore not incorporated more recent neuropsychological research 
findings. As such, biased teaching techniques may simply reinforce an 
individuals learning preference and deny the opportunity for more optimal 
processing mechanisms to develop.
A worrying aspect of Murray's (1979) hemisphericity view of left 
hemisphere teaching, is the failure to consider any verbal-motor disruption 
problems. Verbal-motor disruption affects the population as a whole, 
including those individuals who present hemisphericity. A strict verbal- 
analytical teaching method may provide the greatest potential for motor 
skill disruption to occur. Murray's hemisphericity teaching methods also 
ignore the left and right hemisphere's specialized motor functions. 
Intuitively, teaching methodology should also consider the unique 
perceptual-motor processing abilities that are present in the left and right 
hemispheres. These processes may help optimize the success rate in many 
teaching environments. To ignore such abilities as in a biased 
hemisphericity teaching view, may also minimize the opportunity to 
develop interhemispheric processing abilities.
In order to examine these concerns Fairweather and Sidaway (1994) 
investigated the normal population that Murray excluded from her study, as
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a first step in investigating the potential problems of biased hemispheric 
teaching techniques. More importantly, they also investigated the 
effectiveness of an interhemispheric teaching strategy that accounted for 
interhemispheric perceptual-motor processing advantages and potential 
motor disruption problems. Unlike Murray's study the design of the left, 
right, and interhemispheric teaching strategies was based on the most recent 
neuropsychological findings.
This evidence suggests that the verbal-nonverbal and part-whole, 
teaching strategies applied in M urray's study, may present a limited view of 
hemispheric function. To control for further hemispheric advantages 
analytical thinking was added to the left hemisphere teaching method and 
appositional thought processing to M urray's right hemisphere method. As 
such, only those activities that could be unequivocally supported by 
empirical evidence were regarded as strict left hemisphere, right 
hemisphere, or interhemispheric activities. The interhemispheric strategy 
attempted to optimize left and right hemisphere perceptual-motor 
processing advantages in the learning of a golf skill. Fundamental to the 
interhemispheric teaching strategy is the use of simple verbal cues. The 
intention of these cues is to activate left and right hemisphere motor 
processing and production abilities in the learning of a skill. The use of 
verbal cues to simplify and enhance skill instruction has recently received a 
great deal of pedagogical support (Fairweather & Sidaway, 1994; Landin, 1994; 
Meaney, 1994; Ziegler, 1987).
To investigate the effectiveness of hemispheric teaching strategies in 
learning a golf skill, Fairweather and Sidaway examined right-handed males 
without any apparent hemisphericity tendencies. The effects of left 
hemisphere, right hemisphere, and interhemispheric teaching strategies
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were evaluated on nondominant processors who make up the majority 
(75%) of the population.
In the left hemisphere condition, attention was given to detailed 
verbal instruction of the fundamental parts of the golf swing. Verbal- 
analytical processing was encouraged immediately following each practice 
shot. The right hemisphere condition practiced the whole skill without any 
type of verbal or physical breakdown of the task. Subjects in this condition 
were simply asked to observe and copy the swing action, thus engaging the 
manipulospatial abilities of the right hemisphere. They were also asked to 
appose information by comparing the feeling of their golf swings against 
their visual image of the model. The interhemispheric condition observed 
whole demonstrations with three verbal cues at key points in the golf swing, 
to promote timing and rhythm, and simultaneously minimize the 
opportunity for verbal disruption. This technique attempted to optimize 
verbal-motor compatibility whilst minimizing left hemisphere interference 
in the programming of the sequential motor behavior.
The results of this study found that the interhemispheric and right 
hemisphere conditions performed similarly in acquisition when both 
conditions performed significantly better than the left hemisphere 
condition. In retention, however, the interhemispheric condition scored 
significantly higher than both the left and right hemisphere conditions. The 
right hemisphere condition still scored significantly better than the left 
hemisphere condition but showed a drop in performance in retention when 
compared to acquisition. Thus the retention of the golf skill in this study 
was enhanced by verbal cues that were intended to activate left and right 
hemisphere processing abilities in the learning of the skill.
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Extrapolating from Murray's data, one might have expected that 
during acquisition, nondominant processors taught with an 
interhemispheric approach would have outperformed nondominant 
processors taught w ith either a right or left hemisphere approach. However, 
acquisition performance was similar for both the interhemispheric and right 
hemisphere conditions. These data reinforce the importance of nonverbal 
teaching in the acquisition of a golf skill for novices. For retention 
performance, however, an interhemispheric style was clearly advantageous.
In Fairweather and Sidaway's experiment the interhemispheric 
teaching cues were designed to minimize phonetic difficulty and to optimize 
rhythmic compatibility with the sequential motion of the golf swing. 
Verbal-motor compatibility may also have facilitated golf performance in 
acquisition by minimizing the opportunity for verbal-motor disruption. 
Further evidence suggests that the use of simple verbal cues also appears to 
enhance the retention of a juggling skill (Fairweather, Lee, Sidaway, & 
Anderson, 1993; Meaney, 1994). The success of these verbal cues can be 
contrasted with the verbal activity reported in the left hemisphere 
condition. Subjects in the left hemisphere teaching condition consistently 
reported self-prescriptional verbal activity both during and following the 
golf swing. Detailed verbal activity during the motor skill may have 
disrupted motor performance as a result of the capacity demands of this 
activity (Kinsbourne & Hicks, 1978), or because of a lack of compatibility with 
the timing pattern of the motor skill (Thornton & Peters, 1982).
In summary, the effectiveness of right and left hemisphere teaching 
strategies were examined in Murray's study on subjects who presented 
hemisphericity, while Fairweather & Sidaway (1994) added an 
interhemispheric teaching strategy to these left and right hemisphere
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conditions and examined their effectiveness on nondominant processors. 
Clearly, further research is necessary to examine whether hemisphericity 
individuals do in fact require preferred teaching strategies, or whether they 
may learn more optimally when given an interhemispheric teaching 
strategy.
Experiment 1 therefore investigated the effectiveness of strict left, 
right, and interhemispheric teaching strategies for both nondominant 
subjects and hemisphericity subjects. If hemisphericity individuals perform 
best in an interhemispheric teaching condition then this finding would 
obviate the need for a preferred teaching strategy. However, if subjects 
perform better in preferred teaching conditions, then this evidence would 
provide even stronger support, for considering hemisphericity as individual 
difference characteristic that demands attention in the teaching of motor 
skills.
The purpose of Experiment 1 was therefore to reexamine the 
effectiveness of hemispheric teaching strategies in nondominant and 
hemisphericity subjects in an attempt to resolve the preferred teaching 
problem. Given the applied success of simple verbal cues (Fairweather & 
Sidaway, 1994; Landin & Macdonald, 1991; Meaney, 1994) an 
interhemispheric teaching approach was predicted to provide more effective 
teaching for nondominant processors. However, for hemisphericity subjects 
clear predictions were much more difficult because the applied evidence 
thus far, did not consider an interhemispheric teaching methodology.
The more basic research evidence investigating hemispheric function 
suggests caution prior to accepting the biased teaching strategies argument 
for hemisphericity subjects. This evidence suggests that verbal-motor 
disruption problems should increase given a strict left-brain approach, and
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that the opportunity to develop important intrahemispheric perceptual- 
motor processing capabilities may be restricted by biased teaching methods.
Strong evidence for the potential of an interhemispheric teaching 
approach to minimize verbal-motor disruption problems during motor skill 
performance has been provided by the neuropsychological research 
literature. However, this more basic research theory requires closer scrutiny 
because verbal-motor disruption effects have yet to be examined in the gross 
motor skill environment, or from a learning perspective.
Experiment 2 therefore considered verbal cue structure as a cause of 
verbal-motor disruption and interhemispheric processing in the learning of 
a juggling skill. The theoretical basis for verbal-motor disruption effects was 
examined in the applied environment by manipulating verbal cue structure. 
Experiment 2 evaluated the influence of timing compatibility and phonetic 
difficulty in the design and application of verbal cues. Previous verbal- 
motor disruption research has examined verbal-motor disruption 
phenomena from a performance perspective. However, unlike previous 
research, Experiment 2 examined verbal-motor disruption phenomena in a 
gross motor skill within a learning and transfer paradigm. To examine the 
possibility that gender differences in cerebral lateralization may affect the 
ability to use verbal cues Experiment 2 will examine male and female 
subjects.
The goal of Experiments 1 and 2 was to examine unresolved 
methodological issues concerning hemispheric function and the effective 
teaching of motor skills. Experiment 1 examined preferred teaching 
methodology and an interhemispheric teaching method on both dominant 
and nondominant processors, while Experiment 2 examined the more basic 
theory underpinning the design of simple verbal cues that are fundamental
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to the interhemispheric teaching concept. This more basic research theory 
was uniquely examined from a learning perspective in the applied 
environm ent.
Experiment 1
The goal of this experiment was to reexamine M urray's (1979) 
preferred teaching strategy suggestion, and the effectiveness of an 
interhemispheric teaching strategy in the learning of a juggling skill. If 
processing compatible teaching styles are more effective than an 
interhemispheric teaching strategy, then there may be a need to cater for 
preferred processing when designing teaching techniques. However, if an 
interhemispheric teaching strategy is found to be more effective for all 
subjects, then this finding would suggest that personal processing biases can 
be overcome. This finding would also support the application of an 
interhemispheric teaching strategy for all individuals. This teaching 
method attempts to optimize left and right hemisphere perceptual-motor 
functions, while simultaneously limiting the potential for verbal-motor 
disruption by using simple verbal cues.
The previous research by Fairweather and Sidaway (1994) suggests 
that simple verbal counting cues can optimize the interactive processes of 
both hemispheres in motor skill learning. Neuropsychological research has 
shown that right hemisphere processing is necessary to follow auditory 
rhythms (Fries & Sweihart, 1990), and that left hemisphere processing is 
necessary for the production of the verbal activity and the programming of 
sequential motor behavior (Kimura, 1993). If biased teaching strategies limit 
the opportunity to develop left, right, and interhemispheric processing that 
is essential for effective motor skill learning, then one would predict that an 
interhemispheric teaching strategy would prove more effective in skill 





Seventy five (N=75) female undergraduate students, aged 18-30 years 
(M = 22.5, SD = 3.2) were assessed for hemisphericity by conjugate lateral eye 
movement (CLEM) procedures. Subjects were also assessed as right-handed 
by the Edinburgh Inventory (Oldfield, 1971). All subjects declared they had 
no previous experience of a three ball juggling skill and were pre-assessed 
for their naivete. Any subject who displayed an obvious prior ability was 
excluded from the study. Informed consent was received prior to the study. 
Procedures
In CLEM testing sessions subjects were seated in a small room, 2 m 
from a gray sheet of card, 120 by 90 cm. The card was positioned 
perpendicular to the floor so that the lens of a video camera could protrude 
through the card 1 m from the floor. Subjects focused their eyes on a black 
cross, 5 by 5 cm, throughout their questions and answers. The cross was 
placed directly beneath the camera lens. Subjects were told that each 
question would examine how people respond differently to different types of 
problems. Questions were prerecorded and presented by tape recorder placed 
directly behind the card.
All subjects received 10 analytical, 10 spatial, and 10 quantitative- 
spatial questions. Questions were presented randomly in order to avoid 
creating a lateralized mental set. There was a 3 sec interval between a 
subject's response and the next question. The first constant eye movement 
directly following a question was scored for each subject. Subjects' responses 
were scored using a clock-face numerical system. Right hemisphere eye 
movements were recorded when eye movements reflected an hour-hand 
position between one o'clock and five o'clock, whereas left hemisphere eye
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movements were recorded from seven o'clock to eleven o'clock. A twelve 
o'clock movement represented upward eye movement and a six o'clock 
movement downward eye movement. No observable eye movement was 
recorded as a stare. Eye movements were assessed by an independent 
assessor who scored 25 randomly chosen subjects, and by an experimenter 
who assessed all subjects. Any subject who presented eye movement at least 
65% of the time to the left or right, regardless of question type, was regarded 
as presenting hemisphericity (Weiten & Etaugh, 1973). Those subjects who 
presented no dominant direction were regarded as nondominant processors. 
These procedures identified 18 left hemisphere, 18 right hemisphere, and 18 
interhemispheric processors. These fifty-four (N=54) subjects were then 
quasi-randomly assigned to one of three teaching conditions: (a) left 
hemisphere, (b) right hemisphere, or (c) interhemispheric. Each teaching 
condition was comprised of 6 left hemisphere processors, 6 right hemisphere 
processors, and 6 interhemispheric processors.
Following eye movement assessment, the study was conducted over a 
period of seven days. A pretest was given following CLEM testing and prior 
to practice on day one. On days one to day four all subjects practiced the 
juggling skill during four 15 min lessons. There were four tests of 
acquisition which involved recording the highest consecutive total of 
successful catches during the final 4 min period of practice on each day. 
Retention tests were given prior to practice on days two, three, and four, and 
finally a long term retention test was given on day seven. Prior to 
measuring retention, subjects were given three warm-up trials, each trial 
was completed when a ball was dropped. Following the warm-up period, 
the highest total of consecutive catches was recorded during a 1 min period.
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At the start of each lesson all conditions observed a video-taped 
female model perform 40 successful catches in a 3 ball cascade juggling skill. 
The model was presented on a 40 by 40 cm Sony television monitor (model 
KV27TS30). Prior to viewing the model, general instructions were given to 
all conditions regarding juggling practice. These instructions described how 
to hold the tennis balls and the time periods for practice. Subjects were told 
to practice the skill while facing a wall, and were provided with a basket of 
30 tennis balls to prevent the need for retrieving any dropped balls.
Left Hemisphere Teaching Condition. Subjects in the left hemisphere 
teaching condition practiced the juggling skill with one ball (2 min), then 
two balls (2 min), and with three balls (2 min), before finally practicing the 
whole skill for 4 min. Between practice sessions subjects were given 45 s rest 
to read verbal instructions that were specific to the number of balls to be 
juggled. Attention was therefore given to analysis through written verbal 
instruction and the part-learning of the fundamental aspects of the juggling 
skill. To promote left hemisphere verbal analytical processing, subjects were 
asked to verbally rate their juggling pattern immediately following each 
practice session. The scale applied ranged from very poor (1) to excellent 
(10). Following the three ball, 2 min practice session, subjects rested for 45 s 
before their final four minutes of practice.
Right Hemisphere Teaching Condition. Subjects in the right 
hemisphere teaching condition initially observed the model perform 40 
successful catches prior to practicing the whole skill three times for 2 min, 
and then once for 4 min, without any type of verbal or physical breakdown 
of the task. Subjects in this condition were simply asked to observe and copy 
the juggling action. To account for the possibility of self-initiated verbal 
strategies, subjects completed post hoc self-reports outlining their thoughts
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during practice. No subject reported using a verbal strategy. In general their 
thoughts related to copying the model. During their rest period between 
practice sessions, subjects were encouraged to repeat the model's movement 
pattern in their mind and then to rehearse the feel of their juggling action 
against their visual image of the model. This activity involved both mental 
and kinesthetic awareness of their movement and was carried out in an 
attem pt to initiate appositional thought and right hemisphere involvement 
in the manipulospatial activity (Kee, Bathurst & Hellige, 1984).
Interhemispheric Teaching Condition. Subjects in the 
interhemispheric teaching condition initially observed the model perform 
40 successful juggles prior to holistic practice with four concurrent verbal 
cues. Subjects were taught to say "one" at the point of throwing a ball in the 
air with the right hand, "two", when throwing with the left hand, "three" 
when throwing with the right hand and then "four" with the left hand and 
so on. This rhythm was chosen to avoid potential verbal-motor disruption 
due to timing incompatibility, by matching the sequential motion pattern 
that forms the throwing pattern of the three ball juggling skill. Other 
rhythms such as "one, two, three" or "one, two, three, four, five" do not 
specify in the same manner, the sequential throwing pattern that transfers 
two balls from one hand to the other and then back to the starting hand 
during a completed juggling cycle. The four verbal cues were called out 
continuously until a ball was dropped. All subjects in this condition were 
encouraged to develop and practice their own natural rhythm by focusing 
their attention on the sound of their counting.
This combination of subtle verbal cueing and auditory rhythmic 
behavior was carried out in an attempt to encourage interhemispheric 
processing. Engagement of the left hemisphere may be promoted by the
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production of the verbal cues and simultaneous control of the sequential 
motor skill. Chunking of the skill by the right hemisphere may be facilitated 
by the auditory rhythm of the verbal cues, and the distinctive nature of these 
cues in defining the juggling movement pattern. Visualization of the 
desired juggling movement during the 45 s rest period prior to each practice 
session was also encouraged. This activity was assumed to encourage left 
and right hemisphere involvement in the task as both hemispheres are 
activated by visualization skills (Barrett & Ehrlichman, 1982).
Reinforcement of the counting strategy was given each lesson. Thus, the 
interaction of spatial and verbal processing formed the foundation for this 
teaching style.
Results
High inter- and intra-reliability was found for the CLEM testing 
sessions with 94% and 96% agreement respectfully. 18 subjects were 
identified as right movers or analytical processors (left hemisphere 
dominant) and 18 subjects as left movers or holistic processors (right 
hemisphere dominant). The remaining subjects were identified as 
nondominant processors, 18 of whom were randomly chosen to participate 
in the study.
Pretest data were analyzed separately by a two-way ANOVA (Teaching 
Condition x Processing Style). Acquisition and retention data were also 
analyzed separately by 3 x 3 x 4 (Teaching Condition x Processing Style x Test) 
ANOVA's, with repeated measures on the last factor. To protect against 
possible violations to the assumptions of sphericity, the probability level for 
all repeated measures tests in acquisition and retention was computed using 
the Greenhouse-Geisser degrees-of-freedom adjustment (Greenhouse & 
Geisser, 1959). Pretest analysis revealed that there were no significant
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differences between or within Teaching Conditions at the start of the study 
(see Table 1). Analysis of acquisition data revealed main effects for both 
Teaching Condition F (2,45) = 16.1, p < -05 and Test F (3,135) = 18.4, p  < -05. 
However, these findings were overshadowed by a significant Teaching 
Condition by Test interaction F (6,135) = 3.9, p < .05 (see Figure 1). There was 
no main effect of Processing Style F (4, 45) = 0.6, p > .05, or a significant 
Processing Style by Group interaction F (2,45) = 1.8, p > .05 (see Figure 2).
Post hoc analysis, using Tukey's WSD procedure, found no significant 
differences between conditions in test one or test two of acquisition. 
However, a significant difference was found in the third test of acquisition 
with the interhemispheric teaching condition outperforming both the left 
and right hemisphere teaching conditions. Mean catch scores for these 
teaching conditions were 3.7 (SD = 1.2), 2.1 (SD = 0.3), and 2.4 (SD = 0.6), 
respectively (see Table 1). This trend was repeated in the fourth acquisition 
test with mean scores of 5.4 (SD = 3.9), 2.5 (SD = 0.5), and 3.1 (SD = 1.6), 
respectively.
In retention the analysis again revealed main effects for both 
Teaching Condition F (2,45) = 17.05, p < .05 and Test F (3,135) = 17.22, p < .05. 
However, these findings were also overshadowed by a significant Teaching 
Condition by Test interaction F (6,135) = 3.64, p < .05 (see Figure 3). Similar 
to acquisition, there was no main effect of Processing Style F (4,45) = 0.2, p > 
.05, or a significant Processing Style by Group interaction F (2, 45) = 0.89, p > 
.05 (see figure 4). Post hoc analysis, using Tukey's WSD procedure, found no 
significant differences between teaching conditions in test one or two, 
however, a significant difference was found in the third test of retention 
with the interhemispheric teaching condition outperforming the left 
hemisphere teaching condition. Mean scores for these teaching conditions
Table 1.
Means (Standard Deviations) of successful catches in acquisition and 
retention for teaching condition and test.
Teaching Condition
Left Hem Right Hem Interhem
l££i________________________ _ ________ ______ _ _____________________
Pretest 1.3 (0.5) 1.1 (0.5) 1.1 (0.6)
Acquisition 1 1.8 (0.4) 1.7 (0.5) 1.7 (0.5)
Acquisition 2 1.9 (0.5) 2.1 (0.9) 2.7 (1.4)
Acquisition 3 2.1 (0.3) 2.4 (0.6) 3.7 (1.2)
Acquisition 4 2.5 (0.5) 3.1 (1.6) 5.4 (3.9)
Retention 1 1.9 (0.6) 1.8 (0.6) 2.1 (0.6)
Retention 2 1.9 (0.5) 2.1 (0.9) 2.8 (1.2)
Retention 3 2.3 (0.5) 2.6 (0.7) 3.5 (1.4)




































Left dominant processors 







W 'M M .
■ m in i
w
4 v ~ ;-
Left Right Inter
Teaching Condition (acquisition)





































■  Left dominant processors 
B3 Right dominant processors 
^  Nondominant processors
Left Right Inter
Teaching Condition (retention)
Figure 4. Mean retention score as a function of hemisphericity and 
group.
27
were 3.5 (SD = 1.4), 2.3 (SD = 0.5), and 2.6 (SD = 0.7), respectively. In the long 
term retention test the interhemispheric teaching condition outperformed 
both the left and right hemisphere teaching conditions w ith mean scores of 
4.9 (SD = 2.8), 2.4 (SD = 0.5), and 2.8 (SD = 1.6), respectively.
Discussion
The most important finding in this experiment was that motor 
learning in teaching conditions comprised of both dom inant and 
nondominant processors was facilitated the greatest by an instructional 
approach that attempted to facilitate interhemispheric processing during the 
performance of a skill. Extrapolating from Murray's (1979) data, one might 
have expected that during acquisition, left or right hemisphere processors 
taught by a preferred teaching strategy, might have outperformed equivalent 
processors taught with a nonpreferred or interhemispheric teaching strategy. 
However, this prediction was not supported by these data. In fact, no 
statistical support was found for Murray's finding of enhanced acquisition by 
combining preferred teaching strategies with hemispheric function.
These conflicting findings may be explained by differences in the 
design of the teaching strategies between the present study and Murray's 
original study. Both studies investigated the same motor skill, however, the 
hemispheric teaching strategies in the present study were designed to 
account for the more specialized perceptual-motor functions that have been 
highlighted by recent neuropsychological research. The verbal/nonverbal, 
left/right hemisphere dichotomy applied in Murray's study, compared a 
verbal-part method with a nonverbal-whole method on the basis of time to 
achieve 20 successful catches. The total practice time over days revealed that 
a preferred teaching strategy required a shorter time to acquire the skill to 
the criterion level, than a nonpreferred strategy. In the present study, both
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acquisition and retention of juggling skill were considered. This paradigm 
revealed that adopting an interhemispheric teaching strategy was more 
effective than a preferred teaching method regardless of individual 
differences in processing preference.
Subjects in the interhemispheric teaching condition, without any 
significant analytical or verbal instruction, outperformed subjects in the left 
hemisphere teaching condition in acquisition and retention. Recall that the 
right hemisphere has an advantage over the left hemisphere in the 
processing of spatial information, in particular manipulospatial information 
(Kee, et al., 1984). Juggling is essentially a manipulospatial task because it 
involves the manipulation of the hands through space to make contact with 
balls. For juggling, it would seem that in order to optimize practice 
conditions in the earliest stages of skill development, spatial aspects should 
be emphasized while technical verbal instruction should be kept to a 
minimum. Nonverbal demonstrations appeared to provide sufficient 
spatial information for the novice to achieve successful development and 
retention of the skill when reinforced by simple verbal counting cues.
The interhemispheric teaching strategy was designed to optimize specific 
motor processing advantages within the left and right hemispheres. In 
contrast, a hemisphericity teaching strategy, does not account for these 
perceptual-motor processing abilities, nor intrahemispheric processing 
problems such as verbal-motor disruption.
These data support those of Fairweather and Sidaway (1994) in which 
an interhemispheric teaching strategy optimized the acquisition and 
retention of a golf skill in nondominant processors. However, closer 
analysis of their findings revealed that no differences were found in 
nondominant processors when taught with right and interhemispheric
29
teaching strategies. The present study did not support for this finding 
because the interhemispheric teaching strategy proved more successful than 
the right hemisphere strategy within both acquisition and retention periods. 
This finding suggests that the utility of nonverbal learning may be 
somewhat task dependent. Juggling is a continuous motor skill and so the 
differentiation of the starting and finishing points of the individual 
components that make up the juggling pattern may be more difficult to 
interpret than in the golf skill. Continuity is important to juggling, 
especially when this skill is compared to the golf swing which is comprised 
of three distinct movements (i.e., the backswing, the downswing, and the 
follow-through).
The hemispheric teaching strategies in Experiment 1 were designed to 
activate the left, right, or left and right hemisphere, processing abilities in 
the learning of a juggling skill. Left hemisphere and right hemisphere 
teaching methods on their own did not facilitate skill learning as effectively 
as an interhemispheric approach. In the interhemispheric teaching 
condition verbal cues may increase the opportunity for chunking of the 
skill's components in the right hemisphere. Similarly, sequential motor 
programming appears to be facilitated in the left hemisphere. The positive 
effects of verbal production during motor skill performance have not been 
considered in the more basic literature, however, this phenomenon has 
been acknowledged by applied researchers (e.g., Landin, 1994). The 
interaction of left and right hemisphere perceptual-motor processing 
advantages appears necessary for skill learning and, as such, these data may 
provide a physiological explanation for the relative success of modeling, 
verbal cues, and a combination of modeling and verbal cues in skill 
learning.
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The reinforcement of chunking skills may be more necessary for skill 
acquisition in juggling than in golf. Providing verbal descriptions of the golf 
and juggling components in a verbal left hemisphere strategy does not 
appear to provide this type of reinforcement of the movement pattern. In 
Experiment 1, and in Fairweather and Sidaway's (1994) study, the left 
hemisphere strategy was by far the least effective method of teaching.
Taking these data together suggests that positive interhemispheric teaching 
effects are neither skill specific, gender specific, nor in fact are restricted to 
nondominant processors. The importance of left and right hemisphere 
processing abilities may therefore be just as significant for both dominant 
and nondominant processors.
Given the present knowledge of hemispheric function and motor 
disruption problems, the possible limitations that exist in matching 
preferred processing with biased teaching methodology therefore require 
discussion. In both Fairweather and Sidaway's (1994) experiment and the 
present study, subjects in the left hemisphere teaching conditions reported 
that they were continually giving themselves self-instruction, both during 
and following practice. Self-talk, may facilitate the likelihood of verbal- 
motor disruption within the left hemisphere because both verbal and praxis 
behavior are controlled by the left hemisphere (Kimura, 1993). The systems 
controlling these functions appear to be very closely related, and this 
functional closeness is thought to limit the manner in which the systems 
can successfully interact (Kinsboume & Hicks, 1978).
Verbal-motor disruption research suggests that disruption is most 
likely when a number of recognized conditions are present. These 
conditions include the phonetic complexity of concurrent verbal activity 
(Flicks, 1975), and the timing compatibility of verbal activity with the
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sequential mechanics that form the skill (Hiscock & Chipuer, 1986;
Thornton & Peters, 1982). Complex self-instructions may quite easily violate 
both the principles of phonetic simplicity and rhythmic compatibility.
The introduction of simple verbal cues spoken during the 
performance of motor skills may limit self-talk, reduce phonetic difficulty, 
and maximize the compatibility of concurrent verbal activity during motor 
performance. Verbal cues may also promote perceptual-motor processing 
advantages in the left and right hemisphere during the production of a skill.
From a left hemisphere perspective, the production of simple verbal 
cues demands left hemisphere processing as does the sequential motor 
programming of a juggling skill (Kimura, 1993). By matching oral and 
praxis behavior through counting compatibility (Dewey, 1993) verbal-motor 
disruption in golf and juggling skills appears to be avoided. The right 
hemisphere's chunking abilities should be also be facilitated by the 
distinctive structure of compatible counting sequences. Verbal counting 
cues are rhythmic in nature and so the right hemisphere's ability to follow 
auditory rhythms should also be stimulated by such cues.
The design of verbal cues may therefore be important when 
considering methods to limit the possibility of verbal-motor disruption.
The goal of interhemispheric verbal cues is to optimize left hemisphere 
verbal-motor interaction, and similarly to take advantage of the right 
hemisphere's auditory-timing, manipulospatial, and chunking skills. By 
reinforcing the involvement of both hemispheres in the performance of a 
motor task simple verbal counting cues may also facilitate retrieval 
processes.
Clearly the results of Experiment 1 and the previous applied research 
(Fairweather & Sidaway, 1994) support the effectiveness of simple verbal
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cues. However, at present the basic research theory that underlies the use of 
simple verbal cues has thus far only investigated performance effects within 
discrete and serial motor skills. Verbal-motor disruption effects and 
interhemispheric processing effects have yet to be examined in gross motor 
skill learning. Motor disruption problems in more gross motor skills at 
present can only be inferred from the more basic research findings. Further 
research is therefore necessary to establish why interhemispheric verbal cues 
are effective in preventing verbal-motor disruption and in facilitating the 
learning of gross motor skills. Experiment 2 was therefore designed to more 
closely examine these questions by assessing the effects of altering verbal cue 
structure in the learning of a juggling skill.
Experiment 2
Experiment 1 found that for both dominant and nondominant 
processors, an interhemispheric teaching strategy optimized the acquisition 
and retention of a juggling skill. This evidence therefore provides further 
support for the use of interhemispheric verbal cues when teaching motor 
skills. However, at present further investigation of basic theory and verbal 
cue structure is necessary to help substantiate why an interhemispheric 
teaching approach using such cues is so beneficial for motor skill learning. 
As a first step in this direction Experiment 2, will consider the design of 
verbal cues from a motor disruption and motor learning perspective.
Simple verbal cues have previously proven effective in the learning of 
tennis, juggling, and golf skills (Fairweather & Sidaway, 1994; Landin & 
Macdonald, 1991; Meaney, 1994) however, these findings were not 
considered from a neuropsychological perspective until Fairweather and 
Sidaway considered their effectiveness in the teaching of a golf skill.
When the design of verbal cues is considered from a 
neuropsychological perspective, the problems of verbal-motor disruption 
effects and the potential for interhemispheric processing can be considered. 
In order to minimize verbal-motor disruption effects, the evidence from 
Experiment 1 suggests that verbal cues that are phonetically simple, and that 
consider verbal-motor timing compatibility, are an effective measure in 
facilitating the learning of a juggling skill.
The evidence from Experiment 1 combined with Fairweather and 
Sidaway's previous data clearly supports this notion, however, at present 
this research has yet to establish the fundamental nature of verbal-motor 
disruption effects and the reasons for the facilitatory effects of verbal cues in 
the learning of gross motor skills. In the more basic research field, learning
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issues have been ignored and so there is also a need to investigate the 
relative permanency of potential verbal-motor disruption effects in gross 
motor skill learning. Whether these disruption effects can be overcome 
with practice will therefore also be considered in Experiment 2.
The possibility that verbal-motor disruption effects may be transitory 
has yet to be considered in the basic research literature. If practice can help 
overcome verbal-motor disruption problems, it suggests that the 
dissociation of the verbal and motor systems is possible. Alternatively, these 
systems could reorganize their finite resources in some way to allow the 
successful performance of both activities (Friedman & Poison, 1981; 
Kinsbourne & Hicks, 1978).
In Experiment 1 the most important difference in teaching conditions 
appeared to be the use of interhemispheric verbal cues. Female subjects 
using these cues were undisturbed in their skill performance and in fact 
these cues facilitated both skill acquisition and retention. The basic research 
literature investigating verbal-motor disruption in serial and discrete motor 
tasks has found no gender effects. However, gender effects may be more 
likely in more complex spatial tasks due to greater processing load and 
lateralized differences in cerebral function in males and females.
Lateralization of cerebral processes occurs throughout childhood and 
is a consolidation of specific processing abilities within the left and right 
hemispheres (Bryden, 1990). As a result of this developmental activity, 
specific advantages in left and right hemisphere processing are established. 
Females have less differentiation of verbal functions so in comparison to 
males, females right hemisphere functions are more activated during 
concurrent verbal and manipulospatial activities. This dual activation may 
leave less functional space for the right hemisphere's visuospatial and
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motor functions (Kinsbourne & Hicks, 1978). Greater differentiation of 
verbal functions toward the left hemisphere in males may help avoid such 
structural interference effects. Thus the need for neural inhibition 
(Kinsbourne & Hicks, 1978) or resource competition (Friedmann & Poison, 
1981) in the right hemisphere would be reduced.
Males manipulospatial advantages over females have been explained 
by their greater differentiation of visuospatial functions toward the right 
hemisphere (Franco & Sperry, 1977). In theory, males should be advantaged 
over females when both verbal (left hemisphere) and nonverbal (right 
hemisphere) functions are activated in the performance of a motor skill. 
Females less lateralized verbal functions may, according to the functional 
distance hypothesis, (Kinsbourne & Hicks, 1978) leave less available 
functional space in the right hemisphere for visuospatial, chunking, and 
auditory rhythmic functions. Maximizing the potential of the right 
hemisphere's manipulospatial and motor functions may therefore be 
necessary for the optimal performance of a skill such as juggling. If 
concurrent verbal requirements were increased during the performance of a 
manipulospatial skill then one might expect a concurrent decrease in female 
performance relative to male performance due to less available capacity in 
the right hemisphere.
The purpose of Experiment 2 was therefore to examine in some detail 
the nature of interhemispheric verbal cues and verbal-motor interference 
phenomena in learning a gross motor skill. Practice conditions were 
manipulated to assess both phonetic difficulty and compatibility effects in 
verbal cue structure. The permanency of potential verbal-motor disruption 
effects was examined using a learning paradigm. The design of Experiment 
2 also investigated potential gender differences in verbal-motor disruption
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Thirty right-handed male and 30 right-handed female college students 
(N=60) aged 18-38 years (M = 22.5, SD = 4.5) participated in this study in 
return for partial class credit. All subjects declared they had no previous 
experience of a three ball juggling skill and were pre-assessed for their 
naivete. Any subject who caught three or more tennis balls during the 
pretest was excluded from the study. Informed consent was received prior to 
participation in the study.
Apparatus
Subjects performed a cascade juggling skill alone in a small room. A 
Sony 8 mm video camera (model CCD-F77) was positioned 4 m in front of 
each subject. All subjects were provided with sufficient tennis balls placed 
within arms reach to allow continuous practice of the juggling skill 
throughout acquisition, retention, and transfer assessment. An audio 
cassette player provided pre-recorded auditory rhythms comprising four 
repetitive beeping sounds lasting 1.5 s. These rhythms were pre­
programmed on an Apple He computer. Modeled demonstration of the 
juggling task was presented on a Sharp television monitor (model 19NP18) 
via a Sony videocassette recorder (model EV-C3).
Procedures
Subjects were randomly assigned to one of five teaching conditions 
comprising of equal numbers of males and females. Following pretest 
assessment all subjects were given standardized verbal instructions 
describing the juggling task, followed by their individual condition
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instructions. Teaching conditions were, a compatible condition, an 
incompatible condition, a phonetic difficulty condition, a noncontext 
condition, and finally a control condition.
Subjects in all conditions except the control condition were trained to 
verbally match one of two rhythms presented by the audio cassette player. 
These rhythms were either compatible or incompatible with the rhythm 
required for cascade juggling. In this task the subjects goal was to match 
their verbal counting cues with the tape recorded beeps. The auditory 
rhythms were presented in a continuous series of four beeps. The relative 
timing of the four consecutive beeps differed in the compatible and 
incompatible conditions, although the total presentation time of both 
rhythms was identical at 1.5 s.
The juggling rhythm was found by video assessment of three experts' 
movement patterns. To do this, the time at which a ball was released from 
each hand during each completed juggling cycle was recorded. A distinct 1, 
2, 3, 4, 1, 2, 3, 4.... rhythm was observed in the movement of the three balls 
from the point of starting with two balls in one hand, to the point of 
returning to two balls in the same hand. The timing of this sequence for 
four throws was consistent at 1.5 sec when the balls were juggled from a 
point level with waist height, to a point level with eye height. In juggling 
this sequence is repeated continuously and the timing of each ball toss was 
found to be consistent in these experts. The relative timing of the 
compatible rhythm chosen in the present study was consistent with the 
relative timing found for the expert jugglers. In comparison, the relative 
timing of the incompatible rhythm was designed so that the verbal cues 
would not match the relative timing of the juggling task as performed by 
experts.
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The compatibility, phonetic difficulty, and the noncontext teaching 
conditions all followed the compatible rhythm, whereas the incompatible 
teaching condition followed the incompatible rhythm. Subjects in all 
conditions were told to initiate verbal tracking behavior prior to initiating 
juggling. They were also asked to maintain this activity throughout 
performance until juggling broke down.
The control condition in the training period tracked the compatible 
condition's rhythm by reciting the alphabet continuously throughout the 1 
min period. Subjects in this condition then continued to practice without 
tracking a rhythm. Following the pretraining period, all subjects observed a 
video-taped model perform 60 successful juggling catches prior to practicing 
the skill during five, 5 min practice bouts. A one min rest interval was 
provided between each practice bout.
Compatibility Teaching Condition. During acquisition the 
compatibility condition repeated aloud and continuously the numbers "1, 2, 
3, 4" in time with the recorded auditory beeps. There was 0.5 s delay 
between each beep.
Incompatibility Teaching Condition. The incompatible condition 
performed the same protocol as the compatibility condition except that their 
auditory rhythm had a 0.7 s gap between the first and second beep, 0.2 s 
between the second and third beep, and 0.6 s between the third and fourth 
beep. The relative timing of these four numbers was therefore incompatible 
with the sequential relative timing of the three ball juggling skill as 
presented by the expert model.
Phonetic Teaching Condition. Phonetic difficulty was examined in a 
teaching condition that followed the compatibility condition's rhythm by
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repeating four three syllable words (i.e., "one-hundred, two-hundred, three- 
hundred, four-hundred") continuously.
Noncontext Teaching Condition. Subjects in the noncontext teaching 
condition matched the compatibility condition's rhythm by saying "1, 1, 1, 1" 
continuously. This protocol was designed to be simple in phonetic 
difficulty, and to provide a compatible timing rhythm as in the compatibility 
teaching condition.
Control Teaching Condition. Subjects in the control condition recited 
the alphabet continuously during the pre-training period, however, they did 
not track an external auditory rhythm during their juggling practice. This 
condition simply observed the juggling model like all other conditions then 
practiced the skill in silence. To control for the possibility of self-initiated 
verbal strategies, subjects in this protocol completed post hoc, self-report 
forms outlining their mental activities during practice.
Acquisition and Retention. The study was carried out over a period 
of three days. Acquisition was measured on days one and two, and retention 
on days two and three. Retention performance was measured for the last 
two min of a three min period, prior to acquisition on days two and transfer 
on day three. Following retention on day two subjects were again shown the 
videotaped model perform 60 successful juggling catches prior to their 
practicing of the skill during five, 5 min practice bouts.
Transfer. On day three, a transfer test was given. Prior to transfer, 
subjects were trained for 1 min to follow either the compatible or 
incompatible rhythm. Half the subjects in all teaching conditions were 
randomly transferred to the compatible teaching condition's protocol, and 
the remaining subjects to the incompatible teaching condition's protocol. 
Transfer ability was assessed during three 5 min practice periods.
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M easurem ent. All acquisition, retention, and transfer trials were 
recorded on videotape for later analyses. The dependent variable was the 
highest number of consecutive catches during the last 2 mins of each 
practice period. Subjects in all verbal cue conditions were informed to 
initiate their verbal activity prior to attempting to juggle. They were also 
told to maintain the rhythm of their verbal cues in line with the tape 
recorder regardless of their juggling performance. Any subject who did not 
attempt to follow their protocol throughout practice was excluded from the 
study. Three raters scored the video recordings for the dependent measure. 
Two raters, naive as to the purpose of the experiment each examined 15 
randomly chosen subjects. The third rater, who was the experimenter 
examined all 60 subjects.
Analysis of Results. Pretest data were analyzed separately by a one­
way (Teaching Condition x Pretest) ANOVA. Acquisition, and retention 
data were analyzed separately b y a 5 x 2 x 2 x 5  (Teaching Condition x Gender 
x Day x Block) ANOVA with repeated measures on Day and Block and a 5 x 2 
x 2 (Teaching Condition x Gender x Test) ANOVA with repeated measures 
on the last factor. Transfer data were analyzed b y a 5 x 2 x 2 x 3  (Teaching 
Condition x Gender x Compatibility x Block) ANOVA with repeated 
measures on Block. To protect against possible violations to the 
assumptions of sphericity, the probability level for all repeated measures 
tests in acquisition, retention, and transfer was computed using the 





Inter- and intrarater reliability in the assessment of the dependent 
measure revealed 100% consistency in the scoring of the dependent 
measure.
Acquisition
Analysis of acquisition data revealed main effects for Teaching 
Condition F (4,50) = 8.35, p  < .05, Gender F (1,50) = 17.74, p  < .05, Day F (1,
50) = 72.67, p  < .05, and Block F (4, 200) = 25.87, p  < .05. However, these main 
effects were overshadowed by a significant Teaching Condition by Gender by 
Day by Block interaction F (16,200) = 2.28, p  < .05. The clearest way to show 
these data is by graphing the 2, three-way interactions that make up this 
four-way interaction (see Figure 5). Figure 5 (top panel) presents the 
Teaching Condition by Blocks by Days data for males, while Figure 5 (bottom 
panel) presents the Teaching Condition by Blocks by Days data for females. 
Comparing Teaching Condition performance in Figure 5, it can be seen that 
over the two day period, the greatest improvement in acquisition was in the 
male Compatible Teaching Condition (i.e., Day one, M = 4.0, SD = 1.79 to Day 
two, M = 19-2, SD = 11.0).
Further inspection of these data using Tukey's WSD post hoc analysis, 
revealed that on Day one, from blocks two to five, the male Compatible and 
Noncontext Teaching Conditions (Figure 5 (top panel)), and the female 
Noncontext Teaching Condition (Figure 5 (bottom panel)) outperformed all 
other conditions. However, on Day two a change in Teaching Condition 
acquisition performance was observed. On this day, the males in the 
Compatible Teaching Condition showed rapid progress in their performance 
and outperformed all other conditions within blocks one to five. Further
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post hoc analysis on Day two data revealed that the male Noncontext 
Teaching Condition (M = H.5, SD = 5.0) outperformed all other Teaching 
Conditions from blocks one to four, however, on block five (M = 9.17, SD = 
4.62) they performed similarly to the female Noncontext Teaching 
Condition (M = 9.5, SD = 5.36). Also on Day two block five, the male 
Incompatible Teaching Condition (M. = 7.5, SD = 3.45) outperformed both the 
male Phonetic (M = 5.3, SD = 2.5) and Control Teaching Conditions (M = 5, 
SD = 1.4) and all female conditions except the Noncontext Teaching 
Condition.
Further post hoc analysis of the female data (Figure 5 (bottom panel)) 
revealed that the female Noncontext Teaching Condition outperformed all 
other female teaching conditions on both days. A further observation on 
Day two, within block five was that the female Compatible Teaching 
Condition (M = 5.33, SD = 2.5) outperformed the Phonetic (M = 3.5, SD =
1.39), Control (M = 3.17, SD = 2.14) and Incompatible Teaching Conditions (M 
= 2.5, SD = 1.0).
Briefly summarizing these four way interaction data, males in the 
Compatible Teaching Condition performed better than all other subjects on 
day two. In general males performed better than females within their 
respective training conditions, however, in the Noncontext Condition 
males and females performed similarly by the end of acquisition. Overall, 
compatible verbal cues appeared to help males more than females.
However when considering only females data noncontext cues appeared to 
facilitate the greatest acquisition and by the end of acquisition females in this 
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Retention
In retention the analysis revealed main effects for Teaching Condition 
F (4,50) = 5.53, p  < .05, Gender F (1,50) = 19.82, j> < .05, and Test F (1,50) =
20.48, p  < .05. However, these main effects were overshadowed by three 
significant two-way interactions including, Teaching Condition by Test F (4, 
50) = 2.6, p  < .05, Test by Gender F (1,50) = 4.59, p  < -05, and Teaching 
Condition by Gender F (1,50) = 3.12 £  < -05. Figure 6, presents the Teaching 
Condition by Test interaction while Table 2, presents the means and 
standard deviations for all conditions. Post hoc analysis, using Tukey's 
WSD procedure revealed that the Compatible Teaching Condition (M = 17.8, 
SD = 20.0) showed the greatest improvement in between the two retention 
tests. All the remaining Conditions showed some improvement, however, 
the Control Teaching Condition showed no improvement.
There were further differences between retention tests as shown by 
the Test by Gender interaction which is presented in Figure 7. This figure 
reveals that males showed a greater improvement between retention tests 
than the females. The mean score for males on days one and two was 8.4 
(SD = 6.97) and 14.37 (SD = 13.97), respectively, while the mean score for 
females was 3.27 (SD = 2.0) and 5.4 (SD = 5.24), for days one and two, 
respectively.
The final interaction in retention was the Teaching Condition by 
Gender interaction presented in Figure 8. Tukey's WSD post hoc analysis 
revealed that males in the Compatible and Incompatible Teaching 
Conditions showed better retention than females in these conditions. The 
mean scores in the Compatible Teaching Condition were 22.42 (SD = 18.39) 
and 4.33 (SD = 2.64) for males and females, respectively. The mean scores in
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Table 2.
Mean (Standard Deviations) catches in Retention for the Teaching 
Condition by Retention day interaction.
Retention Day
Day One Day Two
Teaching Condition_______________________________
Compatibility 8.9 (8.8) 17.8 (20.0)
Incompatibility 4.2 (2.8) 6.8 (5.5)
Noncontext 8.5 (7.0) 13.9 (9.7)
Phonetic 3.8 (2.4) 6.7 (4.8)
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the Incompatible Teaching Condition were 8.33 (SD = 4.79) and 2.75 (SD =
1.29) for males and females, respectively. Further, gender differences in the 
Noncontext, Phonetic, and Control Teaching Conditions were not 
significant. These data are presented in Table 3.
Transfer
In transfer the analysis revealed no main effects for 
Compatibility or Block, but main effects were found for both Teaching 
Condition F (4,40) = 5.57, p  < .05, and Gender F (1,40) = 14.74, p  < .05.
However, these effects were overshadowed by a significant Teaching 
Condition by Gender interaction F (1, 4) = 3.04, p  < .05. This interaction is 
shown in Figure 9. Post hoc analysis revealed that there was a significant 
difference between males and females in transfer ability only within the 
Compatible and Incompatible acquisition Conditions. Males outperformed 
females in both of these Teaching Conditions. Mean scores in the 
Compatible Teaching Condition were 24.9 (SD = 16.2) and 5.8 (SD = 3.6) for 
males and females, respectively. In the Incompatible Teaching Condition 
the mean for males was 9.9 (SD = 5.2) while for females the mean was 3.4 
(SD = 2.1). These gender differences are presented in Table 4. Male and 
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Table 4.





Compatibility 24.9 (16.2) 5.83 (3.6)
Incompatibility 9.9 (5.1) 3.39 (2.1)
Noncontext 15.2 (9.6) 14.4 (10.5)
Phonetic 10.3 (6.2) 4.78 (2.3)
Control 8.3 (4.3) 2.78 (1.7)
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Discussion
Verbal cues have recently proven to be an effective measure in the 
facilitation of skill acquisition and retention, when teaching motor skills 
(Fairweather & Sidaway, 1994; Landin, 1994; Meaney, 1994; Ziegler, 1987). 
The use of verbal cues to simplify and enhance skill instruction has 
therefore received a great deal of pedagogical support. However, the 
theoretical basis for such cues has only recently been supported from a 
neuropsychological perspective (Fairweather & Sidaway, 1994). The present 
study provided closer examination of verbal cue structure in an attempt to 
concurrently examine more basic neuropsychological theory and the 
question of verbal cue structure in the applied environment.
Evidence from previous basic and applied data would predict that the 
most optimal verbal cue conditions for the acquisition and retention of a 
juggling skill should be those conditions that adhere to the principles of 
phonetic simplicity (Hicks, 1975) and timing compatibility (Thornton & 
Peters, 1982). The two conditions in the present study that satisfied these 
principles were the noncontext and compatibility conditions. In this study a 
compatible verbal cue teaching strategy enhanced the acquisition and 
retention of a juggling skill in males taught by this method, more than 
males and females taught in all other teaching conditions. Compatible 
verbal cues proved somewhat effective for females, however, the most 
favorable condition for females was a noncontext verbal cue condition that 
maintained verbal-motor timing compatibility but used a more simple 
sequence of verbal cues. These gender differences and the ability in 
acquisition and transfer for subjects to overcome and resist the problems of 
verbal-motor disruption, requires closer examination because they are
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contrary to, and not predicted from, the more basic research literature 
(Hiscock & Chipuer, 1986).
In retention males in the compatible condition showed the greatest 
improvement in learning between retention tests. All other conditions 
showed some improvement except for the control condition. Gender 
differences in learning were also observed as males in the compatible and 
incompatible conditions learned more than females in these conditions. For 
females the greatest learning effect was observed in the noncontext 
condition. Transfer data revealed that there was no main effect of 
compatibility. Transfer ability was therefore a function of the initial skill 
level that was achieved in practice. The teaching condition by gender 
interaction revealed that males transferred from the compatible and 
incompatible conditions performed better in transfer than females. The 
gender differences in these conditions and in acquisition and retention 
support the view that transfer ability was a function of previous skill level 
attained. Subjects who acquired the skill to a more advanced level were 
resistant to incompatible verbal-motor timing problems while those subjects 
w ith less skill did not experience sufficient benefit from the potential 
facilitatory effects of compatible verbal cues.
The basic research literature has not attempted to examine verbal- 
motor disruption effects within such learning paradigms. By observing 
verbal-motor problems in acquisition, retention, and transfer, the present 
study reveals three new findings. Verbal-motor disruption effects were 
overcome with practice, transfer ability to compatible or incompatible 
conditions was a function of skill level, and gender differences were found 
in verbal-motor disruption.
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These findings will now be examined more closely from three main 
theoretical perspectives. These perspectives include verbal-motor 
disruption problems, gender differences in the lateralization of cerebral 
functions, and intrahemispheric perceptual-motor processing advantages. 
An overview of the relationship between acquisition, retention, and transfer 
data will follow.
In acquisition, the most critical factor in acquiring the juggling skill 
appeared to be the matching of the sequential juggling pattern with verbal 
cues that emphasized timing compatibility. Matching the timing of verbal 
and motor activities in the male compatible and noncontext conditions 
facilitated performance from the start. However, in females only the 
noncontext condition showed this effect. Female subjects in the compatible 
condition took until day two of acquisition before starting to show some 
clear progress in performance. To explain these gender differences recourse 
to the lateralized function literature is necessary. However, prior to 
discussing this literature the facilitatory effects of matching verbal-motor 
timing will be considered.
Simple verbal cues designed to match the timing of a motor skill 
have previously been found to minimize the likelihood for verbal-motor 
disruption (Hicks, 1975; Thornton & Peters, 1982) and maximize the 
retention of a juggling skill by providing a temporal template of the 
sequential motor pattern (Fairweather et al., 1993; Fairweather & Sidaway, 
1994). In the present study, comparing males in the compatible condition 
w ith all other conditions, the effectiveness of simple but distinctive verbal 
cues adhering to timing compatibility was given further support.
Timing compatibility appears to be a very important factor in the 
design of verbal cues and the more basic neuropsychological evidence would
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support this view. The left hemisphere has been shown to control 
sequential motor programming on both sides of the body (Harrington & 
Haaland, 1991; Sperry, 1984), the successful postural transition from one 
movement to another (Goodale, 1988), and the time-keeping of movements 
in both hands (Sergent et al., 1993). Given the importance of the left 
hemisphere's sequential motor programming system in a task such as 
juggling, avoiding disruption between this system and the verbal-motor 
production system would seem imperative. The likelihood for disruption 
between these two systems is thought to increase relative to the demands 
placed upon both systems (Friedman & Poison, 1981; Kinsbourne & Hicks, 
1978).
The acquisition data in Experiment 2 reinforces this close functional 
relationship between the verbal and praxis systems. Phonetic difficulty 
caused the greatest problems for males, while both phonetic difficulty and 
timing incompatibility depressed performance in females. Verbal-motor 
disruption problems can be explained from a resource perspective 
(Friedman & Poison, 1981). Given that the left hemisphere controls both 
sequential motor behavior and verbal activity (Kimura, 1993), then the 
potential resources available for sequential motor programming would be 
more limited as demands increase. Alternatively, Kinsbourne's functional 
distance hypothesis would also suggest that poorer performance might 
occur, because sequential motor behavior and speech reside within the left 
hemisphere. When two functionally similar control centers are 
anatomically close, neural capacity is required to insulate them from one 
another. This consumption of neural capacity decreases that available for 
both activities.
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Concurrent speech can therefore disrupt motor performance because 
of the presence of both verbal and sequential motor functions within the left 
hemisphere (Hicks, 1975; Kinsbourne & Cook, 1971; Lomas & Kimura, 1976). 
The more demanding the verbal task, the greater is the disruption that is 
observed (Rizzolatti, Bertolon, & De Bastiai, 1982). Increasing phonetic 
difficulty in the phonetic condition showed that, despite following a 
compatible timing rhythm, juggling performance was limited by increased 
complexity in verbal production. There was some difficulty observed in 
subjects verbal production which may have reduced timing compatibility as 
subjects became fatigued with practice. Whether or not the observed 
disruption was purely a function of verbal production, timing problems, or a 
combination of these factors cannot be determined by these data.
The organization and timing of sequential movements relies 
critically upon the left hemisphere's motor system. Minimizing the 
likelihood of disruption in this system is important, however, the control 
condition data supports the notion that concurrent verbal activity that is 
phonetically simple, and rhythmically compatible, is better than no verbal 
activity at all. To support this suggestion self-report questionnaires revealed 
that subjects in the control condition did not use counting cues. Their 
reports indicated that, in general, they were visualizing the model then 
trying to perform the skill. These data offer strong support for the 
application of verbal cues in the learning of complex skills and provide 
further support for previous applied findings (e.g., Fairweather et al., 1993; 
Fairweather & Sidaway 1994; Meaney, 1994).
Comparing males and females in the incompatible condition, there is 
evidence to suggest that verbal-motor disruption effects are somewhat 
gender specific particularly when concurrent verbal cues do not match the
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sequential timing of a juggling skill. Females in this condition were 
significantly depressed in their acquisition ability on both days whereas 
males, overcame verbal-motor timing constraints by the second day. There 
are perhaps two ways that the male subjects using incompatible verbal cues 
could have performed both verbal and motor tasks successfully. Previous 
research suggests that expert pianists may develop independent timing 
mechanisms for each hand when performing a single piece of music 
(Shaffer, 1981), however, less expert subjects tend to integrate the two tasks 
to become part of one greater task (Jagacinski, Marshburn, Klapp, & Jones, 
1988). The male incompatible data supports the view that verbal-motor 
disruption effects of incompatible cues can be overcome, however, the 
method that they were using to perform both activities requires further 
investigation.
The idea that males and females could present performance 
differences when given the same practice conditions is intriguing. Male and 
female performance was similar only within the noncontext condition. A 
possible explanation for these findings focuses on the differences that exist 
between males and females in the cerebral lateralization of verbal and 
manipulospatial abilities (Bradshaw & Nettleton, 1983). Following 
lateralization, in childhood males present greater differentiation in 
visuospatial functions than females (Kraft, 1984). Less lateralized language 
functions have also been reported in females (Nichelli, Manni, & Faglioni, 
1983; Tinkcom, Obrzu, & Poston, 1983) and in non-familial left handers 
(Blakeslee, 1980; Bradshaw & Nettleton, 1983). Lateralized function research 
indicates that males are particularly advantaged over females for 
visuospatial skills. This gender difference has been explained from both 
resource (Friedman & Poison, 1981) and structural (Kinsbourne & Hicks,
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1978) perspectives. Objective measurement of brain activity using event- 
related potentials, suggests that gender differences in the performance of 
visuospatial tasks are physiologically based in the brain (Taylor, Smith, & 
Iron, 1990).
Gender differences across skill acquisition, retention, and transfer 
were observed in the compatible and incompatible conditions. Males in 
these conditions showed better performance, learning, and transfer ability 
than females. Further gender differences were observed in the structural 
effects of verbal cues. Males were more facilitated by compatible verbal cues, 
while females showed the greatest learning using noncontext verbal cues. 
These findings suggest that males are better able to cope with the demands of 
phonetic difficulty and timing incompatibility. Males were able to employ 
the distinctive nature of compatible cues that were slightly more complex in 
terms of verbal production, than the less distinctive noncontext cues.
The ability of males to overcome timing constraints with practice is a 
further gender difference that requires discussion. Basic research has shown 
that females show less differentiation in verbal functions (Bryden, 1990). In 
comparison to males, their right hemisphere functions may therefore be 
relatively more activated during concurrent verbal and manipulospatial 
activities. This dual activation of right hemisphere processes during the 
production of a complex manipulospatial skill such as juggling, may afford 
less functional space for the right hemisphere's visuospatial and motor 
functions (Kinsbourne & Hicks, 1978) or alternatively consume important 
neural capacity (Friedman & Poison, 1981).
Males greater differentiation of verbal functions may help avoid such 
structural interference effects. Males would be less likely to require neural 
inhibition in the right hemisphere (Kinsbourne & Hicks, 1978) or to
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experience resource competition in the right hemisphere (Friedmann & 
Poison, 1981) as a result of concurrent verbal and motor behavior. 
Differentiation of cerebral functions may also explain why males performed 
much better than females w ith compatible verbal cues. Lateralized function 
research has shown that the nature of specific tasks is more likely to activate 
processing mechanisms w ithin the specialized hemisphere in males than 
females (DeLucca, Burright, & Donovick, 1990). Males are perhaps more 
likely to show greater activation in left hemisphere functions given verbal 
tasks and right hemisphere functions during manipulospatial tasks than 
females.
Given their greater differentiation in lateralized functions and their 
greater inclination toward attentional activation, males may therefore be 
better suited than females to cope with the problems of concurrent verbal 
and juggling activities. Being able to cope with relatively greater demands of 
the verbal and nonverbal tasks may have allowed males in the compatible 
condition to take advantage of the more distinctive verbal cues provided in 
this condition.
On the other hand, the noncontext teaching condition was the most 
beneficial for females because the complexity of concurrent verbal activity 
was reduced, and yet the timing compatibility was maintained. The 
opportunity for right hemisphere structural or resource problems would 
therefore be reduced. Females less lateralized verbal functions may, 
according to the functional distance hypothesis (Kinsbourne & Hicks, 1978), 
leave less available functional space in the right hemisphere to maximize 
the potential of visuospatial, chunking, and auditory rhythmic functions. 
Maximizing the potential of the right hemisphere's manipulospatial and
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motor functions may therefore be necessary for the optimal performance of 
a skill such as juggling.
The findings of this study suggest that verbal-motor disruption, 
interhemispheric processing, and gender differences in cerebral 
lateralization, are important factors in the design of successful verbal cues.
The structure of verbal cues has not previously been examined from this 
perspective and so these data offer further suggestions to practitioners in 
their use of such cues. For males, compatible verbal cues appear most 
effective, whereas for females noncontext cues seem more advantageous.
The learning paradigm in Experiment 2 showed that verbal cues that 
facilitate skill acquisition, also facilitate skill retention. The transfer data 
provides a new insight to the more basic verbal-motor research findings by 
showing that practice can help overcome the disruptive effects of timing 
incompatibility, and that skill level can provide resistancy to potentially 
disruptive verbal-motor task combinations.
General Discussion
In Experiment 1 the goal of interhemispheric verbal cues was to 
facilitate left and right hemisphere perceptual-motor processing, and to 
concurrently minimize verbal-motor interference. These cues proved to be 
an effective measure in the acquisition and retention of a juggling skill. A 
problem in this research however, was that the theory underlying the 
success of interhemispheric cues, was strongly argued from a more basic 
neuropsychological perspective. This more basic evidence had not 
previously been evaluated within the applied environment, or from a 
learning perspective. Experiment 2 attempted resolve this problem and to 
bridge some of the gap between these two research fields. The findings of 
Experiment 2 highlighted important neuropsychological effects in the 
applied environment and showed previously unrecognized gender 
differences in verbal-motor disruption.
The gender differences in Experiment 2 suggest that males are perhaps 
better suited than females to differentiate the load of concurrent verbal cues. 
The advantage of distinctiveness in the compatible condition's verbal cues 
seems to be of more benefit to males than females. This finding sheds 
further light upon the nature of verbal cue structure for females, that could 
not be inferred from Experiment l 's  data.
Gender differences have not previously been exposed in the more 
basic research literature which has primarily examined discrete serial motor 
skills (Hiscock & Chipuer, 1986). However, more recent applied research has 
supported the male-female distinction in juggling ability that was observed 
in Experiment 2 (Solmon, 1994). More complex gross motor skills may 
therefore clearly expose the problems females encounter due to lateralized 
differences in cerebral function. The female data in Experiment 1 provide
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further evidence for this suggestion as the level of performance and 
learning in the interhemispheric teaching condition was almost identical to 
that of the female compatible condition in Experiment 2.
The lateralized function literature suggests that right hemisphere 
verbal-motor problems may be eliminated in the learning of a complex 
manipulospatial skill by reducing the potential processing load within the 
right hemisphere (Kee et al., 1984; Kimura, 1993). However, taking the 
results from Experiments 1 and 2 together, a different picture emerges. The 
right hemisphere teaching strategy in Experiment 1 and the control 
conditions in Experiment 2, suggest that totally eliminating verbal activity is 
not the optimal condition for females. A better teaching method seems to be 
to minimize phonetic difficulty by sacrificing distinctiveness, but still 
m aintaining verbal-motor timing compatibility.
Compatible verbal cues appear to optimize the interaction of 
concurrent verbal and motor behavior to the extent that subjects provided 
with compatible conditions displayed rapid progress with practice. In 
acquisition in Experiment 2, only two conditions adhered to the verbal 
motor disruption principles of timing compatibility and phonetic simplicity. 
These conditions shared the common factor of timing, however, the level of 
distinctiveness and phonetic difficulty of the verbal cues in these conditions 
varied.
Using cues that are compatible with the timing of the sequential 
motor pattern, appears important for both males and females. Closer 
analysis of the data reveals that cue distinctiveness was more important for 
males than females, and that providing minimal phonetic difficulty was 
relatively more important for females. The common factor that facilitated 
performance despite gender was therefore timing compatibility.
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Given the importance of this factor an explanation for the facilitatory 
effects of cues that reinforce timing is necessary. The facilitating effects of 
timing compatibility may be explained by the concurrent interaction of left 
and right hemispheric perceptual-motor processes during the performance 
of the skill. The left hemisphere's organization and timing of sequential 
movements appears to be facilitated by the concurrent verbal production of 
counting cues. The right hemisphere's auditory-motor abilities may have 
been engaged by self initiated cues in Experiment 1 and an external auditory 
rhythm in Experiment 2.
W hen verbalizing timing compatible cues, verbal-motor disruption is 
avoided, but sequential motor programming is enhanced. The benefit of 
verbal cues that are called out during complex motor skill performance has 
not previously been considered by basic research. This research has simply 
shown that verbal-motor, dual-task situations can be problematic. The 
present study bridges some of the gap between the positive findings within 
the applied literature examining verbal cues, and the suggestions provided 
in the design of cue structure by more basic researchers, which until now 
have not been considered by applied researchers.
Some unanswered questions remain from this research. Whether 
internalizing verbal cues would enhance the facilitatory effects is unknown. 
This manipulation might help females reduce the processing load upon the 
right hemisphere and perhaps take advantage of more simple cues. The 
results of Experiment 2 in particular reveal that very successful skill 
acquisition and retention performance can be attained with a minimal 
amount of verbal instruction. Presenting novices with the spatial aspects of 
a task via a model, can be enhanced by compatible verbal cues that 
reinforcing the timing of the skill. In two experiments, this manipulation
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has proven a very powerful learning tool. The generalizability of these 
findings awaits further research. The present study provides an important 
first step in applying basic hemispheric research findings to an applied 
learning paradigm.
In conclusion the findings of Experiments 1 and 2 reinforce the 
importance of hemispheric processing factors in skill learning. Experiment 
1 showed that an interhemispheric teaching method was beneficial for skill 
acquisition and retention of all subjects regardless of hemisphericity 
differences. Experiment 2 extended these findings by revealing that gender 
differences in the use of verbal cues may require a modified 
interhemispheric teaching approach for females that incorporates 
phonetically simpler verbal cues. In females there appears to be a trade-off 
effect whereby the distinctiveness of verbal cue structure has to be reduced 
in order to minimize phonetic difficulty and to optimize learning. 
Experiment 2 also shows that the more basic research literature perhaps 
requires examination from a learning perspective, and that more complex 
skills may be necessary to reveal lateralized differences in cerebral function. 
These experiments provide further support for the usefulness of simple 
verbal cues in skill learning. Matching the timing of a sequential motor 
pattern and minimizing phonetic difficulty were shown to be the two most 
im portant considerations toward effective skill learning. Further 
investigation is necessary to establish whether verbal cues require a 
production component in order to be effective, or whether the same or 
greater benefit might be derived if the cues are subvocalized. The 
reappraisal of more basic verbal-motor control issues is also suggested by 
these findings.
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Implications of Hemispheric Function for the 
Effective Teaching and Performance of Motor Skills
Research investigating hemispheric function has revealed potentially 
important instructional implications for the effective teaching and learning 
of motor skills. Unfortunately, much of this information has been 
overlooked by motor behavior and physical education researchers and, as 
such, has not been made widely available to the practitioner. The teaching 
literature that has attempted to address hemispheric function is 
predominantly based upon a rather simplistic, yet popular, view of left-right 
hemisphere differences. The purpose of this paper then, is to review some 
of the more recent work on hemispheric function and attem pt to provide 
implications of such work for motor performance and teaching 
methodology.
To provide a background for subsequent discussion, research 
methodology will be outlined that is commonly applied in the search to 
more fully understand hemispheric function. Following this background 
information, neuropsychological and clinical research findings arising from 
the application of these research techniques will then be discussed. More 
specifically, this discussion will start by considering a developmental process 
called lateralization and then focus on intra- and interhemispheric 
functions.
Lateralization of cerebral processes occurs throughout childhood and 
is a consolidation of specific processing abilities within the left and right 
hemispheres. As a result of this developmental activity specific advantages 
in processing are established. Research suggests that some processing 
advantages are present from birth, however, environmental factors are also 
thought to affect lateralization.
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Following the completion of the lateralization process the left and 
right hemispheres are specialized in a number of ways. The greatest 
attention by far has been given to differences in linguistic function. The left 
hemisphere is often described as verbal and analytical and the right 
hemisphere as nonverbal and holistic by way of function. Much less 
attention has been given to other perceptual and motor differences that are 
specific to the left and right hemispheres. The goal of this review is to 
provide insight to interhemispheric perceptual and motor functions prior to 
discussing ways to optimize interhemispheric potential in motor skill 
performance and learning. To achieve this goal functional hemispheric 
specialization in processing will be closely considered. Following this 
discussion attention will then be directed towards more specific motor 
behavior factors.
Contralateral motor control mechanisms exist in the hum an body 
whereby the left hemisphere controls the right side of the body and the right 
hemisphere the left side of the body. Motor dysfunction has been 
commonly observed when one hemisphere controls two motor tasks, or one 
motor and one cognitive task, simultaneously. This form of overload may 
occur due to intrahemispheric processing advantages and contralateral 
motor control mechanisms that restrict the processing of both activities to 
one hemisphere. For example right-handed sequential finger tapping and 
concurrent speech are both controlled by the left hemisphere. If these tasks 
are performed concurrently then the speed and variability of sequential 
finger tapping is disrupted (Kinsbourne & Hicks, 1978). Given a clear 
understanding of hemispheric functions and contralateral control 
mechanisms, accurate predictions can then be made regarding the nature of 
task combinations that are likely to interfere.
74
The research literature in motor behavior that considers hemispheric 
functioning when explaining motor disruption phenomena is limited, 
especially when compared to a vast neuropsychological literature in this 
area. This review will therefore focus more closely upon motor 
performance problems that have been highlighted by neuropsychological 
research.
Applied research that has considered hemispheric functioning has 
until very recently been restricted to studying an individual difference 
phenomenon known as hemisphericity. Hemisphericity affects twenty-five 
percent of the population and is observed by a bias in preferred information 
processing mode representative of the left or right hemispheres. This bias is 
based upon the observation that individuals displaying hemisphericity 
process information analytically or holistically regardless of the nature of the 
task requirements. Some applied research has suggested that there may be a 
need to account for hemisphericity factors when teaching motor skills 
(Murray, 1979).
More recently, however, further applied research has indicated that by 
considering hemispheric perceptual-motor functions and motor disruption 
factors in teaching methodology, performance and learning may be 
enhanced (Fairweather, Lee, Sidaway, & Anderson, 1993; Fairweather & 
Sidaway, 1994). These factors require serious consideration prior to 
implementing teaching methodologies based upon the analytical and 
holistic view of left and right hemisphere functions because they seem to 
affect the population in general. The hemisphericity view of teaching does 
not consider perceptual-motor functions in the left or right hemispheres, or 
potential motor problems that have been highlighted in the
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neuropsychological research literature investigating motor skill 
performance.
The left hemisphere is known to possess two motor systems that 
control speech and manual praxis behavior (Kimura, 1993). These systems 
appear to interfere with one another when operating simultaneously. This 
review will therefore examine why disruption in motor skill performance 
can be caused by concurrent verbal activity. Present theory explaining such 
motor disruption phenomena will therefore be discussed. This theory 
suggests that the likelihood of verbal disruption can be minimized through 
instructional strategies. This literature will be outlined prior to a more in 
depth discussion of hemisphericity and the disadvantages of applying left or 
right hemisphere teaching strategies. Following this discussion, advantages 
of interhemispheric teaching methodology that accounts for the perceptual- 
motor processing capabilities in both hemispheres and the possibility for 
verbal-motor interference will then be discussed.
Although neuropsychological research has considered many motor 
control issues, there is a dearth of research that considers practice and 
retention effects. Whether the phenomena observed in motor disruption 
research are transitory, or may be overcome with practice, will therefore be a 
further consideration of this paper. If favorable combinations of verbal and 
motor activities exist in the development and retention of motor skills then 
these combinations clearly need to be identified.
Research Techniques in Cerebral Function
The largest and most developed part of the brain in humans is called 
the cerebrum. It is here that many of the more complex functions of the 
brain are carried out. The cerebrum is split into a left and right hemisphere 
by the longitudinal fissure. The two hemispheres are joined by a massive
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bundle of nerve fibres called the corpus callosum which facilitate 
communication between the left and right hemispheres.
Visual information from the left and right visual fields is passed via 
the optic chiasma to the right and left hemispheres respectively. This 
physical division of the visual field is exploited in cerebral function research 
by lateralized presentation of stimuli techniques. These techniques enable 
information to be presented to only the left or right hemisphere in order to 
assess differences in left and right hemisphere function. There are also a 
num ber of lateralized presentation techniques available that examine the 
perception of auditory and tactual stimuli. These techniques are applied in 
both commissurotomy patients (patients with severed corpus callosums, 
also known as split-brain patients) and normal subjects. The hemispheres 
are also known to control motor functions on the opposite side of the body 
and so motor functions have also been investigated by lateralized 
techniques.
Research w ith commissurotomy patients has shown that the two 
hemispheres possess different perceptions that are quite private to the other 
hemisphere (Bogen, 1969; Sperry, 1984). The absence of one hemisphere 
through damage or removal (hemispherectomy) has little effect upon the 
specific functions in which the remaining hemisphere is specialized. 
Neuropsychological research appraising the effects of commissurotomy, 
hemispherectomy, and cortical lesions has provided insight into the abilities 
and functions of the cerebral hemispheres in clinical patients.
Such clinical findings have been supported by alternative techniques 
in normal subjects. These objective measures are critical to the 
development of hemispheric function theory and to the understanding of 
intra- and interhemispheric processing in the normal population. Brain
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activity during various tasks has been assessed by measuring the volume of 
cerebral blood flow and by recording brain wave activity using an 
electroencephalograph (EEG). A more radical technique involves 
anaesthetizing one of the hemispheres (Wada test). Once the test has been 
initiated, the loss and retention of cerebral functions are then examined.
Research using these techniques has discovered that the development 
of cerebral function has a critical period, between four and six years of age, 
prior to which the hemispheres are relatively plastic in their ability to 
develop verbal or nonverbal functions. Following this period, however, the 
ability to regain lost functions after damage to one side of the brain is much 
more limited. The consolidation of cerebral functions during this critical 
period is called lateralization.
Lateralization of Cerebral Functions
During childhood the process of lateralization establishes more 
advanced processing abilities within a particular hemisphere. The result of 
this processing differentiation is called cerebral specialization because each 
hemisphere now has a specialized mode of processing. Following 
lateralization, males present greater cerebral differentiation in visuospatial 
functions than females (Kraft, 1984). Less lateralized language functions 
have also been reported in females (Nichelli, Manni, & Faglioni, 1983; 
Tinkcom, Obrzu, & Poston, 1983) and in non-familial left handers 
(Blakeslee, 1980; Bradshaw & Nettleton, 1983).
Males are thought to have certain visuospatial advantages over 
females because of their greater differentiation of visuospatial functions. 
However, during childhood they appear more limited in their linguistic 
functions and present more problems than females when learning to read. 
To examine the possibility that lateralization continues throughout the life
78
span, a cross sectional study by Obler, Woodward, and Albert (1984), 
examined subjects aged 25-80 years for changes in lateralized function. 
However, the researchers found no significant change in cerebral 
specialization with age.
A Modal Model of Cerebral Function
The integration of cerebral specialization findings has led to the 
development of a modal model of cerebral function (Bryden, 1990). The 
right hemisphere is thought to process information holistically and 
functions largely nonverbally, whereas the left hemisphere is more 
analytical and is primarily responsible for verbal functions. However, as 
Bogen (1969) previously recognized, this dichotomy is often overstated. The 
right hemisphere has been found to have some language ability; therefore, 
Bogen proposed prior to the modal model that cerebral specialization is 
better described by highlighting differences in the ability to organize 
information. For example, left hemisphere dysfunction affects the ability to 
construct sentences and to use words in such a way that one word modifies 
the meaning of another word. This capability is distinct to the left 
hemisphere and is termed propositional thought (Bogen, 1969). 
Alternatively, Bogen suggests the capacity for appositional thought is found 
in the right hemisphere. This ability, to simultaneously compare two spatial 
patterns for example, is thought to be a key component in completing 
manual block design tasks.
Given individual differences in lateralized function between males 
and females, and right and left handers, cerebral specialization, as proposed 
in Bryden's (1990) modal model, appears best exemplified by male familial 
right handers. The model does not seem quite as appropriate for females, 
who may differ in maturation, and left handers, in particular nonfamilial
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left handers, who show less lateralized processes. In order to control for the 
possible effects of individual differences in lateralized processes, 
hemisphericity and motor skill studies have often assessed only right 
handers, in particular right-handed males. The design of experiments 
investigating hemisphericity or cerebral function, should therefore account 
for individual differences in lateralization until it is sure that these factors 
do not act as possible confounds.
Gazzaniga's Model of Cerebral Specialization
An earlier model that outlines the process of lateralization that leads 
to cerebral specialization is Gazzaniga's (1970) model of cerebral 
specialization. This model suggests that in the earliest stages of 
development a young child has engrams (memory records in the brain) 
present in both the left and right hemispheres for verbal and non-verbal 
material. As a child develops, bilateral verbal processes reorganize, verbal 
processes are gradually established in the left hemisphere, and concurrently 
diminish in the right hemisphere. Gazzaniga suggests that the left 
hemisphere inhibits the right hemisphere's development of language 
functions and that the right hemisphere similarly inhibits development of 
non-verbal functions within the left hemisphere. The purpose of lateralized 
functions may be efficiency, however, this process also appears necessary for 
healthy brain functioning. Dysfunction is most commonly found in those 
individuals who are least lateralized (e.g., sinistrals) (Bryden, 1990).
More recently Gazzaniga suggests that as verbal functions become 
more established, the left hemisphere takes on a further role as a central 
processor or interpreter (Gazzaniga, 1992). For example if the word "walk" is 
presented by lateralized visual presentation to the left visual field (right 
hemisphere) of a split-brain patient, the patient may well get up and walk.
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The left hemisphere does not receive the walking stimulus because the 
corpus callosum is severed which prevent direct communication from one 
hemisphere to the other. However, the left hemisphere may well interpret 
the event plausibly but wrongly when asked to explain the walking 
behavior. Gazzaniga suggests that the interpreter system is unique to 
humans and that it allows us to elaborate and infer.
Functional Hemisphere Specialization 
Discussion so far has highlighted differences in cerebral function with 
respect to the common verbal-nonverbal dichotomy. However, there are 
other important factors that are perhaps even more important if we are to 
consider the implications of cerebral function from instructional and motor 
control perspectives. These factors will now be outlined by discussing 
further differences in left and right hemisphere function.
Right Hemisphere Functions
Processing mechanisms in the right hemisphere are superior to those 
in the left hemisphere for nonverbal tasks such as; copying designs, 
recognizing faces, the discrimination and recall of non-descript tactual and 
visual forms, recognition of shapes and geometrical properties, spatial 
transformations and transpositions, and fitting forms into molds (Bryden, 
1990; Sperry, 1984). The right hemisphere does possess some simple verbal 
ability. For example, tests have shown that the right hemisphere can 
comprehend instructions and also possesses the ability to read printed words 
but is quite limited in other language functions (Sperry, 1984).
Perceptual and motor functions.
The right hemisphere is particularly adept at performing 
manipulospatial tasks. Franco and Sperry (1977) assessed manipulospatial 
abilities within five split-brain patients. The task in this study was to use
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one hand at a time to feel three geometric shapes hidden behind a screen. 
Subjects then had to decide which of the objects best matched five similar 
figures that were within their field of vision. For the simplest of shapes, 
equilateral triangles, there was no recognition difference between the 
hemispheres. As the problems progressively became more difficult, then 
the time and accuracy difference between left and right hand scores widened. 
When curved figures were examined right hand (left hemisphere) scores 
reduced to chance level, whereas the left hand scores (right hemisphere) 
actually improved. These data suggest that the manipulospatial advantage 
in right hemisphere processing involves the ability to compare both 
kinesthetic and visual images. The right hemisphere's appositional ability, 
as described by Bogen (1969), may thus not be restricted to just intra-sensory 
perceptions.
As the problems in Franco and Sperry's (1977) study altered from 
simple to complex, employing a verbal strategy such as, "this is a medium 
isosceles triangle" became increasingly less useful, particularly when trying 
to verbalize a complex shape. The difference in time data suggests that the 
left hemisphere is not only less able to solve manipulospatial tasks, but also 
requires more time to perform such tasks. Consequently, a nonverbal, 
appositional approach to the problem produced a distinct right hemisphere 
advantage.
It is perhaps interesting to note that many motor activities demand 
this ability to compare proprioceptive awareness with visual images. For 
example, when we compare the feeling of a golf swing to a visual 
demonstration by a teacher Franco and Sperry's work suggests that, within 
the right hemisphere, there is a distinct advantage for these comparisons
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and, as such, a key to success in demonstration might require promoting 
appositional thought processing in the right hemisphere.
Auditory rhythm control.
In teaching and performing motor skills movement can often be 
guided by external auditory cues, such as listening to the beat of music when 
learning to dance. Right hemisphere temporal lobe damage has been shown 
to disturb motor ability, more specifically, such damage disrupts the ability to 
follow external auditory paced rhythmic stimuli affecting walking, dancing, 
singing, and speech (Fries &c Swihart, 1990). However, despite the inability 
to follow auditory stimuli the ability to follow visual stimuli appears quite 
undisturbed by this form of brain damage. Watson and Kimura (1989) have 
suggested that the right hemisphere mediates many timing functions and is 
advantaged in the processing of melodic patterns necessary for tempo and 
rhythm. Research using auditory verbal cues suggests that following the 
timing of such cues can enhance skill performance and learning 
(Fairweather & Sidaway, 1994; Meaney, 1994). The interaction the left 
hemisphere's verbal system and the right hemisphere's rhythmic functions 
during the performance of a movement pattern may therefore be a 
beneficial teaching aid.
Chunking ability.
As well as possessing a rhythmic motor control system that appears 
necessary for many motor skills, the right hemisphere possesses further 
perceptual advantages (Chabris & Hamilton, 1992). One such advantage is 
called chunking which appears necessary for optimizing chess skill (Chase & 
Ericsson, 1982). Experts are better able to relate chess pieces together in 
subgroups and then store these chunks in long term memory. Holding the 
chunks together are sets of relationships based upon the elements of the
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game. Chabris and Hamilton examined this ability in 16 chessmasters using 
a divided visual field paradigm. Left visual field (right hemisphere) stimuli 
were chunked more successfully than right visual field (left hemisphere) 
stimuli, indicating a distinct advantage for this ability within the right 
hem isphere.
Sum m ary.
In summary, the right hemisphere is particularly specialized in 
processing manipulospatial motor tasks and possesses an important system 
that facilitates the control of rhythmic movements. Perceptual advantages 
include the ability to compare two perceptions simultaneously known as 
appositional thought, and chunking, which is the ability to discriminate and 
recognize objects in groups according to relationships based upon prior 
rules. These processing advantages are necessary for the successful 
acquisition and learning of many motor skills. To limit the processing 
advantages of the right hemisphere to more descriptive notions such as 
visuospatial or holistic, perhaps underestimates the right hemispheres 
potential contribution to skill learning.
Left Hemisphere Functions
Sequential motor control.
The general notion of left hemisphere specialization is that it is 
superior to the right hemisphere in speech production and linguistic 
processes. The left hemisphere is also thought be analytical in its processing 
mode. However, the left hemisphere also possesses control systems 
essential for the motor production of praxis and verbal activities, involving 
sequential motor programming (Bryden, 1990; Harrington & Haaland, 1991; 
Sperry, 1984). The successful transition from one movement to another in
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sequential motor tasks has been found to be facilitated by a selection system 
residing within the left hemisphere (Goodale, 1988).
Sequential motor problems are apparent within patients w ith left 
hemisphere lesions but not those with right hemisphere lesions 
(Harrington & Haaland, 1991). This left hemisphere motor control system is 
responsible for the programming of sequential movements on both the left 
and right sides of the body (Goodale, 1988), and is also thought to control the 
time-keeping of movements in both hands (Sergent, Hellige, & Cherry, 
1993). In line with the functionally close relationship of praxis and verbal 
activities, aphasic (loss of language) patients with left hemisphere 
dysfunction are found to be impaired in both their left and right-handed 
performance during complex sequential motor tasks (Code, 1987; Goodale, 
1988). The left hemisphere is critical for the programming of oral and praxis 
movements (Dewey, 1993). Damage to the left hemisphere not only upsets 
the programming of movement sequences in both the right and left hands 
but also speech production (Watson & Kimura, 1989).
Verbal and praxis control.
The control system for praxis movements operates maximally in 
conditions that rely upon internal proprioception under nonvisual 
guidance (Kimura, 1993). If visual guidance is available then spatial abilities 
within the right hemisphere appear to present an advantage. In an 
examination of throwing and interception skills, Watson and Kimura (1989) 
found a significant right hand advantage for throwing, however, this 
advantage was not seen in an interception task that presumably relies less 
upon left hemisphere praxis control and more upon spatial abilities. By 
increasing spatial complexity and simultaneously reducing motor 
complexity, Watson and Kimura suggest that the interception task favored
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spatial mechanisms within the right hemisphere and therefore limited the 
right hands previous advantage in throwing.
The left hemisphere praxis system is thought to be necessary for 
selecting most types of movements or postures of the hands and arms 
(Kimura, 1993). This system is involved in the production of new 
movements and in the learning of motor skills. Assuming that arm and 
hand movements are programmed by the left hemisphere, while the spatial 
location of external stimuli is controlled by the right hemisphere, then 
interhemispheric processing would be necessary to a varying degree for most 
movements. This form of interhemispheric interaction has been suggested 
by Kimura to be particularly important in the response to moving targets in 
sports settings.
Sum m ary.
Clearly, the importance of left hemisphere functions to motor skill 
performance goes far beyond the descriptive verbal-analytical notion that is 
often expressed in the more popular literature. The organizing of non 
visually guided movements that use the body as a framework appear to rely 
critically upon the left hemisphere praxis system. There also appears to be a 
strong functional overlap between the left hemisphere praxis system and a 
further left hemisphere system that controls and organizes speech 
production (Kimura, 1993). It is unfortunate, however, that it is the verbal- 
analytical and nonverbal-holistic dichotomy that has received most 
attention in the applied pedagogical research literature when considering 
left and right hemisphere functions.
Integrated Functions
Although it is known that the left and right hemispheres are more or 
less specialized for different functions, much less is known about the way in
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which information processing is coordinated between them. A number of 
techniques have been applied to appraise interhemispheric processing. One 
method involves comparing performance when stimuli are presented to 
only one hemisphere, to when they are presented to both. Levy and 
Trevarthen (1976) have suggested that normal people have a metacontrol 
system whereby one hemisphere is always dominant when information is 
presented to both. This theory may be too strict, however, as evidence also 
suggests that interhemispheric processing cannot always be predicted from 
an individual hemisphere's performance (Banich & Karol, 1992).
In an attempt to understand interhemispheric processing more fully, 
Liederman (1986) presented addition and subtraction problems 
simultaneously to both hemispheres. This manipulation optimized 
performance compared to unilateral presentation of the same problems.
The corpus callosum may not simply transfer information between the 
hemispheres, it may also facilitate parallel processing by insulating the 
hemispheres from cross-talk during simultaneous processing (Liederman, 
1986).
Parallel processing of verbal and musical stimuli was observed by 
Goodglass and Calderon (1977) using a dichotic presentation technique.
They found a significant right ear superiority for the verbal component of 
the stimuli and a left ear superiority for the tonal component of presented 
stimuli. Goodglass and Calderon suggest that both hemispheres can 
independently process that component of a stimuli for which each is 
dom inant.
Split-brain research has found that if one hemisphere is continually 
over activated by similar stimuli for which that hemispheres processing 
mechanisms are best suited, then a dominant mode of brain activity can
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develop. This dominant mode can continue even when stimuli are altered 
to suit the processing capabilities of the other hemisphere.
Hemispheric Functions: A Case Study
To examine hemispheric activation Gott, Everett, and Whipple (1984) 
studied a unique 31 year old right-handed female ("JJ")/ who could chose at 
will between a left or right hemispheric mode of processing. EEG testing 
found that in state 1 (left hemisphere mode) the subject presented increased 
left hemisphere activity during verbal and nonverbal tasks. Conversely, in 
state 2 the right hemisphere was more active throughout the verbal and 
nonverbal tasks. The EEG recordings also showed that, although one 
hemisphere was dominant in each state, both hemispheres were active to a 
certain degree for all tasks. Verbal scores were better when the subject was in 
state 1, compared to state 2. However, state 2's, spatial performance was 
significantly better than state l's.
If split-brain results can be applied to the normal population, then 
dominant processing modes may occur given continued presentation of 
similar stimuli. The ability to alter from one dom inant mode to another 
may, however, be a special ability as at present there is no other research to 
support "JJ's" ability.
Sum m ary
The evidence reviewed so far would suggest that we have 
differentiated abilities within the cerebral hemispheres and that their 
perception of the world is different. More importantly, however, normal 
perception appears to be made up of an interaction involving both sides of 
the brain. It is only in lateralized studies, or in individuals who present 
hemisphericity, that we may see some differences in perception. Although 
there is strong evidence to support clear differences in interhemispheric
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abilities, it appears that within normal people these distinct abilities overlap 
by interaction through the corpus callosum. Evidence suggests that optimal 
intrahemispheric performance occurs when the cerebral hemispheres 
process information that they are more suited for and that simultaneous 
processing of two forms of stimuli can be processed by the hemispheres in 
parallel.
Theoretical Models that Account for Motor Disruption 
Introduction
The following discussion will examine theory and more basic 
research that considers the problem of motor disruption w ith particular 
emphasis on verbal-motor interference. Present theory and research in 
motor disruption may have important implications for the teaching of 
motor skills and for the development of empirical work in motor control. 
Close attention will therefore be given to the research findings in this area.
Concurrent speech has been found to disrupt the performance of a 
number of motor skills (Hicks, 1975; Kinsbourne & Cook, 1971; Lomas and 
Kimura, 1976; McFarland and Geffen, 1983). This disruption has been 
observed in experiments measuring reaction time, dowel balancing, finger 
tapping, typing, and in sequential movements of the fingers, hands, and 
arms. The two cerebral function theories that have commonly been 
proposed to explain verbal-motor disruption effects are the multiple 
resource theory (Friedman & Poison, 1982; Wickens, 1980), and the 
functional distance hypothesis (Kinsbourne & Hicks, 1978).
Multiple resource theory suggests that verbal-motor interference takes 
place due to an insufficient resource capacity in the left hemisphere thus 
preventing the simultaneous performance of verbal-motor tasks. 
Alternatively, the functional distance hypothesis suggests that verbal-motor
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disruption effects are more due to structural interference in the left 
hemisphere. Interference in the functional distance hypothesis is explained 
by the need for a neural inhibition between two adjacent and active control 
centers. This inhibition is thought to reduce available capacity to perform 
the verbal or motor activities.
Capacity interference is central to both multiple resource theory and 
the functional distance hypothesis. It is based upon the notion that 
information processing requires attention and that the availability of this 
attention may be limited or fixed. Multiple resource theory as proposed by 
Friedman and Poison (1982) adds further insight to this general capacity 
problem. This theory considers the physiology of the left and right 
hemispheres and suggests that each hemisphere has its own independent 
resources with capacity that may not be shared with the other hemisphere. 
The availability of capacity within an individual hemisphere is thought to 
be influenced by processing ability and task demands.
Multiple resource theory therefore suggests that dual-task 
performance will also depend upon the resource allocation necessary within 
the left or right hemispheres. This resource allocation is predicted from 
known advantages for information processing present within the left and 
right hemispheres. Multiple resource theory also suggests that dual-tasks 
will be performed most effectively when tasks do not share common 
resources within an individual hemisphere.
The functional distance hypothesis is perhaps even more specific in 
explaining verbal-motor interference. Kinsbourne and Hicks (1978) suggest 
that two concurrently performed activities will interfere with one another 
the more that their cerebral neural programs share the same finite 
functional space. Capacity limitations are also considered in the functional
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distance hypothesis and are used to explain why one task, or both, are 
disrupted in dual-task situations. An advantage of this approach over 
multiple resource theory is that the functional distance hypothesis perhaps 
provides even more consideration for the neuroanatomy and specific 
functioning of the left and right hemispheres.
Multiple Resource Theory
The general model of multiple resources, subdivides resources into 
three dimensions: stages of processing, codes of processing, and modality of 
input or output (Wickens, 1980). The resources within each dimension are 
thought to be distinct from one another. In this sense, the output 
mechanisms of speech and manual response would be independent and as 
such should interfere less w ith one another than bimanual responses. 
However, if we consider that the left hemisphere controls both verbal and 
praxis systems (Kimura, 1993), and that these systems have been found to 
negatively affect one another (Kinsbourne & Hicks, 1978), then the general 
model of multiple resources would seem incapable of explaining verbal- 
m anual interference effects.
In contrast to the general model of multiple resources, Friedman and 
Poison's (1982) multiple resource view identifies the left and right 
hemispheres as separate resource centers. This view is based upon their 
review of the cerebral specialization literature. From this knowledge base 
assumptions can then be made about potential task demands within the left 
and right hemispheres. The following discussion will therefore consider 
Friedman and Poison's theory when discussing multiple resources unless 
otherwise stated.
Multiple resource theory is based upon the notion that the left and 
right hemispheres have different abilities or pools of resources. These
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resources are thought to be exclusive to the individual hemispheres and, as 
such, cannot be shared (Friedman & Poison, 1981). Given that there are 
different resource pools within the left and right hemispheres certain 
predictions can be made regarding dual-task performance. There should be 
no trade-off between tasks that tap resources from different resource pools.
An advantage of this theory is that it considers the differences in functional 
abilities that exist in the left and right hemispheres. In fact, Friedman and 
Poison have criticized dual-task studies that do not account for hemispheric 
resource demands within their experimental designs.
Previous to multiple resource theory, the traditional view of the 
information processing system depended upon a single limited-capacity pool 
of resources (Kahneman, 1973). Navon and Gopher (1979) suggested that 
this model cannot account for research findings showing that the demands 
of two tasks can be over or under the total of their individual demands. The 
single resource model has therefore been criticized as being too simplistic.
In contrast to the single resources model Navon and Gopher (1979) 
suggest that several types of different kinds of resources are present in the 
brain. These resources are thought to be distinct from one another and 
therefore not substitutable for one another. Navon and Gopher's resource 
model has only recently been followed by the multiple resource theory 
(Friedman & Poison, 1981; Wickens, 1980). It is therefore only in recent 
years that authors have considered hemispheric function within multiple 
resource models by attributing dual-task effects to cerebral organization and 
function (Friedman & Poison, 1981; Friedman, Poison, & Dafoe, 1988; Poison 
& Friedman, 1988; Wickens, 1984).
The multiple resource model described by Friedman and Poison 
(1981) identifies a number of different types of resource within the cerebral
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hemispheres, each with its own limited capacity. This model therefore 
offers much greater flexibility than a single capacity view. Friedman and 
Poison (1981) propose that dual-task performance depends upon the optimal 
utilization of the available capacity within resource centers. This view 
suggests that for a particular motor task observable interference or 
enhancement of performance would depend upon the development of 
learning strategies that optimize the early use of appropriate resources.
These strategies should similarly limit the possibility for overwhelming 
hemispheric resources. Optimal performance would involve maximizing 
interhemispheric potential for particular tasks and minimizing 
intrahemispheric interference. Given the functional hemispheric research 
findings highlighted earlier, an understanding of these abilities and 
functions may facilitate the development of teaching techniques by 
optimizing resource allocation.
A major problem for Wickens (1980) general multiple resource model 
is that it does not account for the close structural and functional 
relationships that exist between verbal and manual functions. In support of 
this view aphasia (loss of language) and apraxia (loss of hand movements) 
are both observed when left hemisphere damage is present. Kimura (1993) 
suggests that the verbal and praxis motor systems significantly overlap and 
that both systems closely reside within the left hemisphere. Wickens model 
divides verbal and manual functions into two separate resource pools and 
so this concept of multiple resource theory would not predict verbal-manual 
interference effects. This view is somewhat limited because it does not 
account for more recent observations in hemispheric functioning.
In summary, multiple resource theory has until recently lacked 
consideration of neuropsychological research concerning cerebral function.
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Cerebral function research evidence suggests possible implications for 
experimental designs and hypotheses in dual-task study based upon 
physiological and structural limitations. Wickens (1980) multiple resource 
theory is limited in the inability to account for verbal-motor research 
findings. Friedman and Poison's (1982) multiple resource theory offers 
greater flexibility by accounting for neuropsychological evidence concerning 
hemispheric specialization. The design of concurrent verbal-motor task 
experiments should therefore account for left and right hemisphere 
differences in function.
The Functional Distance Hypothesis
The second popular theory to explain asymmetric motor disruption 
phenomena is the functional distance hypothesis (Kinsbourne & Hicks, 
1978). Kinsbourne and Hicks hypothesize that certain cortical areas process 
specific tasks and that the activation of a particular cortical area can inhibit 
other adjacent cortical areas. However, if the two processing areas are 
functionally different, then less interference is predicted even if these areas 
are structurally close within one hemisphere. If these areas are structurally 
close and also functionally close, then neural inhibition is required to 
insulate each area from one another. This inhibition is thought to consume 
neural capacity and as such leaves less available capacity for two functionally 
close activities to be carried out (e.g., sequential motor programming and 
verbal processing within the left hemisphere). However, an alternative 
view would be that neural inhibition is necessary to prevent cross-talk 
between two areas and that unsuccessful neural inhibition is exemplified by 
verbal-motor interference.
An advantage of the functional distance hypothesis over multiple 
resource theory is that it considers the functional abilities of brain areas and
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the structural distance between these areas. The multiple resource view is 
much more vague in both the identification of resource areas, and in 
identifying possible reasons to explain why two different resources should 
interfere with one another.
The functional distance hypothesis is much more specific in this 
approach and in the prediction of interference. For example, this hypothesis 
suggests that the functional distance is minimal when cortical control 
centers control contralateral homologous limbs. This distance is greater for 
centers controlling ipsilateral limbs, and most distant when the limbs are 
diagonally paired (Bowers & LaBarba, 1991). The functional distance 
hypothesis therefore suggests that, because sequential motor control and 
verbal mechanisms reside within the left hemisphere and because they are 
functionally close (Hicks, Bradshaw, Kinsbourne, & Feigin, 1978), certain 
actions may be necessary to avoid possible verbal-motor interference.
Research in the verbal-motor performance area highlights the need to 
more fully understand the limitations that can arise when conducting 
verbal and praxis activities simultaneously. Hicks (1975) found that 
concurrent verbal activity interferes with dowel balancing ability of the right 
hand. With greater phonetic difficulty of the verbal task, greater disruption 
was observed. Hicks suggested that concurrent verbal activity during motor 
task performance should be kept as simple as possible to reduce capacity 
requirements. However, there are other factors that affect concurrent 
verbal-motor behavior and motor disruption in general. These factors will 
now be considered in a discussion of basic motor disruption research 
findings.
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Motor Disruption Experiments 
Verbal-Motor Disruption
Verbal-manual research findings have varied given the nature of the 
motor task and also with the difficulty of the concurrent verbal activity. The 
type of verbal activities commonly chosen in this research area have 
included letter repetition, reading paragraphs, rhyme recitation, digit 
repetition, and solving anagrams. The motor tasks have included single 
finger tapping, sequential finger tapping, arm tapping, typing, dowel 
balancing, and hole steadiness ability.
The most common finding is that right-handed motor performance is 
disrupted more than left-handed performance by concurrent speech. This 
phenomenon is even more common within tasks that do not involve 
sequential movements such as dowel balancing (Kinsbourne & Cook, 1971). 
Sequential movements are often disturbed to the same degree in both 
hands. Bimanual disruption of sequential movements is thought to occur 
because the left hemisphere controls both hands in sequential movements 
(Goodale, 1988).
The phonetic difficulty of concurrent verbal activity also shows a 
distinct handedness effect (Hicks, 1975). Hicks showed that phonetic 
difficulty increased the disruption of right hand performance, however, it 
had no further effect on left hand performance. Why should concurrent 
verbal activity upset left-handed performance at all? Lomas and Kimura 
(1976) suggest that motor disruption of either hand is more likely when the 
manual task involves a sequential component or rapid repositioning of the 
hands and fingers.
Left hand disruption may represent some form of attentional 
disruption indicating capacity limitations or may be due to the fact that the
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left hemisphere programs sequential movements on both sides of the body 
(Hellige, 1993). The superior performance of the left hand in verbal-motor 
experiments is presumed to be the result of bi-hemispheric activity. The left 
hemisphere is thought to carry out the verbal task while the right 
hemisphere simultaneously controls the left-handed motor task.
To examine motor skill and concurrent task effects Lomas and 
Kimura (1976) examined the interaction of four forms of manual behavior 
with two types of concurrent verbal activity. The manual tasks were dowel 
balancing, single finger tapping, sequential finger tapping, and sequential 
arm tapping. The verbal activities were nursery rhyme recital and singing 
"la-la" to the tune of the song "Jingle Bells." Motor performance was most 
impaired in the single finger tapping task by the nursery rhyme. The 
nursery rhyme activity was more demanding phonetically than the singing 
task and so this may be the reason for greater interference.
During the sequential finger tapping task concurrent speech disrupted 
the right hand more than the left. This finding was replicated in a 
sequential arm tapping task. The importance of these sequential motor task 
findings is that left hemisphere damage normally upsets sequential motor 
task behavior of both hands. This finding has been supported by Goodale 
(1988), who suggests that the left hemisphere facilitates the successful 
transition from one movement to another in both hands. Harrington and 
Haaland (1991) offer further support for this suggestion, because they found 
that sequential motor problems are apparent in patients with left 
hemisphere lesions but not those with right hemisphere lesions. These 
findings support the notion that the control system for sequential 
movements programs sequential movements for both the left and right 
sides of the body (Goodale, 1988).
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However, these neuropsychological observations do not explain 
Lomas and Kimura’s (1975) lack of significant left hand disruption during 
their sequential motor tasks. More careful analysis of Lomas and Kimura's 
data reveals that, in a control condition without concurrent speech, the left 
hand was significantly poorer at performing these tasks than the right hand. 
There may have been a "floor" effect in this study as the left hand would 
have had less opportunity for deficit given its relatively poor motor ability.
The functional distance hypothesis predicts that if the left hemisphere 
controls sequential motor programming for both sides of the body, then 
concurrent verbal activity should upset both left and right-handed motor 
performance. In support of this hypothesis aphasic patients are impaired in 
both left and right hand performance of complex sequential motor tasks 
(Code, 1987; Goodale, 1988). However, sequential motor task research has 
shown two-handed or one-handed disruption. These data suggest that prior 
to interpreting asymmetric effects, care must be taken to avoid confounding 
factors such as gross differences in left and right hand motor ability. 
Consideration of the motor skill and verbal task characteristics is also 
required.
When performing concurrent verbal activities, rhythm  and timing 
factors appear to have a significant effect upon the success of sequential 
motor tasks. Sequential motor skill disruption has been observed when 
subjects are asked to verbally recite concurrent rhyme or prose. In order to 
perform both the motor and verbal activities, timing strategies appear 
necessary to fit the spoken verse or prose within the sequential task 
behavior. The compatibility of such strategies influences success in 
performing the sequential motor activity (Thornton & Peters, 1982).
Thornton and Peters suggest that the brain can produce only one basic chain
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of timed motor commands. The compatibility of subordinate chains within 
the basic chain of commands, is thought to affect the performance of the 
basic chain. Thus compatibility factors have received some attention in the 
analysis of motor disruption phenomena.
Motor skill performance has been found to be most successful when 
there is verbal and motor compatibility (Hiscock & Chipuer, 1986). Hiscock 
and Chipuer examined subjects' ability to tap a simple rhythm involving a 
single finger, two tap sequence, with an accent on the second tap. Subjects 
were asked to tap the rhythm as quickly as possible, whilst simultaneously 
carrying out concurrent speech that did or did not match the tapping 
rhythm .
Two effects were observed, one was an asymmetric effect and the 
other a general effect. The asymmetric effect revealed that tapping rate of 
the right hand was affected more than the left hand given both forms of 
concurrent speech. However, when variability in tapping was considered, it 
was discovered that incompatible speech caused a general disruption of both 
hands. The general variability effect has been explained by timing constraint 
problems. If a two activities are carried out at the same time, then these 
activities according to Thornton and Peters (1982) must be combined in 
some way to become part of a single rhythm because the brain is incapable of 
producing more than one major rhythm at a time.
There were no gender differences in Hiscock and Chipuer's study 
despite recognized differences in lateralized functions between males and 
females. These data follow a general trend in verbal-motor disruption 
research whereby lateralized differences between males and females do not 
appear to limit, or alter motor disruption phenomena in any way. These
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findings are significant because they suggest that verbal-motor problems 
affect the population in general.
Motor Tasks Can Disrupt Verbal Behavior
Interference of verbal activity has been investigated by examining the 
effects of a motor task upon concurrent verbal counting (Botkin, Schmaltz, 
& Lamb, 1977). Subjects in Botkin et al.'s study performed a verbal task 
(counting digits backwards) more efficiently when performing a hand 
steadiness task with their left hand when compared to their right hand.
This study also supported the common finding that motor performance of 
the right hand may be impaired by concurrent verbal activity, however, it 
should be noted that verbal activity was also impaired the greatest by a 
concurrent right-handed motor task.
Concurrent Verbal and Spatial Task Effects
The effects of performing concurrent verbal and spatial tasks 
simultaneously with a hand steadiness task, were examined by Galluscio, 
Harkins, Lyons, and Mead (1986). The verbal task involved identifying 35 
words from a list of 50 words presented throughout the steadiness task. The 
spatial task involved identifying 35 faces from 50 original faces also 
presented throughout the steadiness task. Both modes of concurrent task 
upset right and left hand steadiness. The greatest motor task disruption was 
observed when the spatial task was performed by the right hand and the 
steadiness task by the left hand. Galluscio et al., concluded that the greater 
left hand disruption was due to the right hemisphere being overloaded 
when maintaining the steadiness task, and concurrently attempting face 
recognition. Both these activities are assumed to be right hemisphere 
functions and so both the functional distance hypothesis and multiple 
resource theory would predict such a result.
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The most common effect observed in dual-task studies assessing 
verbal-motor behavior, is that concurrent speech has the greatest disruptive 
effect upon right-handed motor performance. However, this effect was 
absent from Galuscio et al's., study. Their explanation for these data is that 
word recall lacks a motor component. For right hand disruption to occur, 
evidence suggests that a verbal-motor component may be necessary 
(McFarland & Geffen, 1983).
There may be other factors that affected Galuscio et al's., study. Face 
recognition ability is not exclusive to the right hemisphere. Lesions to the 
left hemisphere have been found to cause impairment in face recognition 
ability (Sergent & Bindra, 1981), and so Galluscio et al., may have 
confounded their study by choosing a task that could clearly involve 
interhemispheric activity. This is not to suggest that specific tasks are 
processed by only one hemisphere, but rather that certain tasks are more 
representative of one hemisphere than the other. In order to make accurate 
predictions when testing for asymmetric effects, the hemispheric nature of 
tasks should therefore be clearly identified prior to investigation. Cherry 
and Kee (1991) also suggest that hemispheric asymmetry effects should be 
clearly differentiated from manual dominance effects and so baseline 
measures of both hands in the manual task should also be assessed prior to 
asymmetry assessment to avoid potential floor effects.
When two tasks demand processing mechanisms in one hemisphere 
more than the other, then interference effects should be more predictable. 
Milner, Jeeves, Ratcliff, & Cunnison (1982) found that counting backwards 
disrupted subjects' reaction time to stimuli presented in the right visual 
field (RVF) (left hemisphere) when responding with their right hand (left 
hemisphere). Greater stress would be placed upon the left hemisphere
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when programming both the motor response and the verbal activity, and so 
a right hand disruption effect would be predicted.
A second experiment within Milner et al's., (1982) study used a tactual 
task that was designed to overload the right hemisphere. The prediction 
was that, if the tactual task (when performed with the right hand) was 
controlled by the right hemisphere, and left-handed reaction to left visual 
field (LVF) stimuli also involved right hemisphere processing, then 
interference should be observed. However, similar to their first experiment, 
Milner et al., found selective right hand (RVF) reaction time interference 
indicating left hemisphere overload. These data suggest that when the 
tactual task was performed by the right hand and the reaction time task by 
the left hand, the left hemisphere programmed both of these activities.
Analysis of the screw turning tactual task reveals that it may not have 
been as demanding of the right hemisphere's manipulospatial abilities as 
Milner et al., may have thought. Kimura (1993) suggests that screw turning 
is a form of tactual activity that is more demanding upon the left 
hemisphere for motor organization and not upon the right hemisphere's 
spatial analysis system. The lack of effect in the left-handed reaction time 
condition adds further support to this notion. The right hemisphere could 
have programmed left-handed reaction time response while the left 
hemisphere programmed the right-handed tactual task.
Evidence so far is clear in identifying left hemisphere motor 
disruption but is there any evidence to suggest that the right hemisphere can 
be disrupted too? If evidence for such disruption were found then this 
would suggest that two demanding activities performed and processed by 
the right hemisphere can also cause interference. Given the right 
hemispheres involvement in manipulospatial tasks, performing this type of
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tactual activity with the right hand, while performing a nonsequential 
motor task with the left hand should cause the effect.
In an examination of this prediction, Kee, Bathurst, and Hellige (1984) 
asked subjects to either manually complete block designs with one hand or 
solve the same designs mentally, while simultaneously finger tapping. 
Interference in left-handed finger tapping was observed when the right hand 
completed the manual block task. This finding follows the prediction that 
dually loading a hemisphere, in this case the right hemisphere, is quite 
likely to cause task interference. However, solving the design task mentally 
did not affect left-handed tapping performance. This finding would be 
predicted by McFarland & Geffen (1983) because the mental task did not 
require a motor component. Dual-task disruption within either hemisphere 
may be most likely when both tasks require motor activity.
The difference in the nature of the tactual motor task in Kee et al's., 
(1983) study compared to Milner et a l's  (1982) tactual task may account for 
the differences in their data. Manipulospatial ability is known to be highly 
demanding of the right hemisphere's spatial processing system (Kimura, 
1993). Controlling both left-handed finger tapping and right-handed 
manipulospatial function appeared to present an overload problem in the 
right hemisphere. These data offer some insight to problems that may occur 
when performing manual tasks. Ideally manipulospatial tasks should be 
performed with the left hand and sequential motor tasks with the right 
hand. The concurrent interaction of these tasks has still to be investigated. 
Disruption of a Spatial Motor Skill
The nature of a motor task may also interact with concurrent verbal 
and nonverbal activities. To investigate the possibility of such an 
interaction, Semenza (1983) analyzed the strategies that male and female
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right handers' applied in copying designs. Subjects were examined under 
concurrent verbal or non-verbal interference conditions using both their 
right and left hands. The findings indicated that repeating digits verbally, 
biased subjects towards a segmented analytical strategy in completing spatial 
designs. Verbal activity restricted the use of more global strategies 
suggesting that when the left hemisphere's verbal processing channel is 
loaded, an analytical approach to a geometric task may be observed. This 
finding infers that certain types of verbal concurrent tasks may influence not 
only performance in reaction time and motor tasks, but also the manner in 
which a constructional activity is programmed.
A concurrent musical task (humming) did not disrupt sequential 
motor behavior in Semenza's (1983) study. Music and rhythmical ability 
have been identified as predominantly right hemisphere processes 
(Bradshaw & Nettleton, 1983). An interhemispheric explanation for the lack 
of effect is that the right hemisphere controlled humming (the musical task) 
whilst the left hemisphere programmed the motor activity. An alternative 
explanation would be that because the musical activity was continuous, this 
continuity would permit more flowing holistic movements than perhaps 
repeating digits would. If compatibility factors are considered, then if two 
motor commands are necessary in both the verbal and motor control 
systems it appears that the motor movement is particularly susceptible to 
the nature of the concurrent verbal activity.
Practice Effects
The interaction of concurrent verbal activity and motor skill practice 
was investigated by McFarland and Geffen (1983). The effect of concurrent 
phrase repetition on a two finger sequential button pressing task was 
examined over practice. With practice, disruption of the right hand due to
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concurrent speech did not vary. However, in the left-handed motor task 
condition interference reduced with practice. McFarland and Geffen suggest 
that with practice, the right hemisphere was able to reduce the left 
hemispheres load.
Gross Motor Skill Disruption
There is a dearth of research that has examined the hemispheric 
effects of concurrent verbal activity during the performance of gross motor 
skills. However, the effects of two concurrent tasks upon the gross motor 
skills of running and galloping skill were examined by Whittle (1991). The 
concurrent tasks involved singing a song or the memorization of letters 
while running or galloping. The results of this study revealed that limb 
coordination in both forms of gait were unaffected by either concurrent 
activity.
Despite the lack of coordination effects, the speed of running and 
galloping did show a change in the two concurrent task conditions. Both 
forms of locomotion slowed down suggesting that the concurrent activities 
affected control parameters. Running was more affected than galloping and 
memorization caused more disturbance than singing. Whittle (1991) 
suggests that coordination is controlled at a more subconscious level of the 
nervous system than are control factors which require more attentional 
mechanisms. She also speculates that there may be greater attentional 
problems in maintaining the stability of the running pattern because it is 
less free to vary than galloping given different velocities. However, this 
difference in disturbance between running and galloping requires further 
research prior to making clear conclusions.
Memorization tasks performed during fine and discrete motor skills 
have been found to produce less interference than verbal tasks (Kee et al.,
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1983) and so Whittle's (1991) findings are not what might have been 
predicted from previous data. A possible reason is that the motor activity in 
Whittle's study was at the gross motor skill level and the studies outlined so 
far have involved fine or discrete motor tasks. However, a number of other 
factors may also have prevented verbal processes from disturbing 
coordination.
The subjects in Whittle's (1991) study were not asked to move at their 
greatest velocity. Rather, they were asked to move at their preferred speed.
In contrast most experiments in the current literature that have found 
verbal-motor disruption required subjects to move at maximal velocity.
The opportunity for coordination disruption may depend upon the velocity 
of the motor pattern. If the motor pattern is slowed down or speeded up by 
concurrent verbal behavior then the relative timing of limb parts may only 
be altered at specific velocities. However, by controlling the velocities of the 
verbal and motor behavior more insight may be gained.
Further reasons for the lack of any coordination effects include the 
lack of control of intra- and inter-subject gait velocity. There was also no 
concrete assurance that the subjects really attempted to maintain the rhythm 
of the verbal task throughout the motor tasks. If the goal of the motor tasks 
had been to cover a certain distance in a given time, then the effects of 
concurrent activities may have been more revealing. This manipulation 
would have helped assure that the goal of the task was held similar across 
all conditions and between subjects. It is harder to control for trade-off 
effects, if neither the timing of the cognitive or motor tasks are particularly 
well controlled.
When investigating the interaction of gross motor skills and verbal 
disruption, it may be necessary to establish whether variability in velocity
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factors actually do disrupt the relative timing of the limbs prior to 
investigation. Another factor that requires consideration, is that disruption 
in the coordination of a gross motor skill may be more likely if the rhythm 
and timing of the concurrent verbal activity is known to be distinct from the 
sequential mechanics and timing of the motor skill.
Further Research
Motor control research has not examined the effects of concurrent 
verbal activity on a motor task that is designed to match the motor task in 
rhythm  and timing, while simultaneously minimizing verbal complexity. 
Evidence for the success of matching verbal and motor activities in the 
teaching of motor skills has already been investigated (Fairweather et al., 
1993; Fairweather & Sidaway, 1994; Meaney, 1994). However, further 
empirical study is required that more fully investigates the interaction of 
concurrent verbal activity during motor skill performance from a 
hemispheric function perspective. These applied studies did not vary 
phonetic complexity or rhythm and timing factors. Practice and learning 
effects also require greater examination, in fact learning paradigms have 
been ignored in the neuropsychological research area investigating verbal- 
motor disruption. Research is also necessary to investigate differences 
between discrete and continuous and fine and gross motor skills.
Sum m ary
To summarize, the left hemisphere is dominant in the control of 
sequential motor activity and speech. To support this hypothesis, 
neurological patients assessed by Kimura and Archibald (1974) have shown 
that left hemisphere damage causes severe deficits in performing complex 
manual tasks. Patients with aphasia (speech loss) are more impaired than 
non-aphasic patients in carrying out sequential manual tasks with either
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hand, supporting the view that aphasia and apraxia (motor dysfunction) are 
closely related problems due to left hemisphere dysfunction (Kimura, 1993). 
The cognitive demand, rhythm, and timing of concurrent verbal activity 
may affect the level of interference observed during sequential motor skills. 
Further investigation is suggested to examine verbal-motor interactions by 
varying concurrent verbal and motor task characteristics.
Applied Cerebral Function Research
Until recently, the only cerebral function factor that had received 
applied research attention was hemisphericity. Hemisphericity is an 
individual difference phenomenon whereby an individual presents a bias in 
preferred processing mechanisms typical of the left or right hemispheres. 
Matching biased left or right hemisphere teaching methodology with 
hemisphericity characteristics, has been suggested to favor the success of the 
teacher-student interaction (Murray, 1979). However, Murray's research did 
not attempt to apply more recent findings concerning interhemispheric 
potential and verbal-motor disruption.
These factors affect the population as a whole and, as such, require 
careful consideration when examining instructional techniques. These 
factors were not considered in the applied hemispheric function research 
area until Fairweather and Sidaway (1994) considered such issues in the 
design of an interhemispheric teaching strategy. The following discussion 
will outline hemisphericity more fully, and highlight limitations of the 
biased teaching strategy view. These limitations will be discussed in light of 




For approximately twenty five percent of the population, over 
activation of left or right hemisphere processes appears to occur naturally. 
Such a bias in processing mechanisms is called hemisphericity. Individuals 
displaying hemisphericity present a strong bias in their preferred mode of 
information processing. The manner in which they process information is 
thought to be representative of the left or right hemisphere and this mode of 
processing is observed regardless of the nature of a problem to be solved.
For example, a person may consistently apply a verbal-analytical processing 
mode, rather than a nonverbal-holistic processing mode, regardless of the 
nature of a task (Galin &  Ornstein, 1974).
Hemisphericity assessment.
Preferred processing can be determined by conjugate lateral eye 
movement (CLEM) responses to reflective questions. The observed eye 
movement in normal individuals is contralateral to the hemisphere 
controlling the processing and therefore should be predictable given the 
content of a question. A consistent pattern of eye movement to the left or 
right, regardless of question content, is representative of a preferred mode of 
processing (Bakan, 1969). This phenomenon is often used to appraise 
hemisphericity as it has been found to be highly correlated with 
electroencephalograph (Galin & Ornstein, 1974) and cerebral blood flow data 
(Gur & Reivich, 1980).
Support for Bakan's (1969) proposal of a direct relationship between 
eye movement and cerebral function has also been provided by Kinsbourne 
(1972, 1974). Kinsbourne found that right-handed subjects turn their eyes 
and head to the right to answer verbal problems, whereas for spatial 
questions they look upwards and to the left. This deviation can be easily
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observed with the naked eye, by video analysis, or by eye-track recorders. For 
the majority of the population, verbal-analytical questions produce 
rightward eye movement and visuospatial questions, leftward eye 
movement. This pattern is thought to represent a characteristic pattern of 
subjects who do not present hemisphericity.
In contrast to these typical findings, a minority of subjects have been 
observed to respond to verbal or spatial questions by moving almost 
exclusively in one direction regardless of the type of question asked (Bakan, 
1969). By monitoring the direction of CLEM, it is therefore possible to assign 
certain subjects to "left-mover" or "right-mover" groups. Left movers show 
right hemisphere processing dominance whereas right movers show left 
hemisphere processing dominance. In support of Bogen's (1969) description 
of cerebral specialization, subjects identified as left-movers have been found 
to outperform right-movers during appositional tasks whereas right-movers 
perform better on propositional tasks (Bakan, 1969; Harnad, 1972; Tucker & 
Suib, 1978; Weiten & Etaugh, 1973).
There has, however, been a potential problem in the validity of this 
procedure. The results of twenty studies examining predicted CLEM 
response in normal subjects, have so far been equivocal. Only fifty-percent 
of these studies found that subjects moved in the predicted direction when 
given left or right hemisphere questions. To investigate this problem 
further, Fairweather and Sidaway (1993) assessed individual CLEM response 
to question content and presentation mode (i.e., auditory, visual, or, a 
combined form of question presentation conditions).
The mode of question presentation had no effect on CLEM response 
indicating that hemispheric activation was not influenced by this variable. 
The findings of this study did support CLEM theory to a certain degree, as
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some individuals were found to respond in the predicted direction to left 
and right hemisphere questions. However, the majority of subjects were 
relatively unaffected by question content. These subjects showed random 
CLEM movements. Hemisphericity subjects were identified by the CLEM 
assessment procedure, providing further support for using CLEM as a means 
to discriminate between individuals for hemisphericity.
This research may help to explain why equivocal data has previously 
been found when examining the effects of question content upon CLEM 
response. In this study there were three types of individual response. 
Subjects who moved in line with question content, those who moved 
randomly and were uninfluenced by question content, and finally 
hemisphericity subjects who moved in one direction constantly irrespective 
of question content.
If the content of reflective questions has little bearing upon the 
direction of eye movement response in many subjects, then it would appear 
critical to identify the nature of an individual's CLEM response prior to 
further examining individual differences and cerebral function theory. 
However, as a tool to screen for hemisphericity, CLEM assessment does 
appear useful.
Hemisphericity and the notion of preferred learning styles has 
received popular attention. Hemisphericity phenomena may be important 
to the teacher because some research suggests that altering the teaching style 
to match an individuals hemisphericity characteristics can have beneficial 
effects on performance (Murray, 1979). The possible interaction of teaching 
style and hemisphericity will now be discussed in more detail.
I l l
Teaching implications of hemisphericity.
In an attempt to more fully understand the teaching requirements of 
subjects who presented hemisphericity, Murray (1979) taught subjects with 
left or right hemisphere dominance to juggle with both verbal-part or 
nonverbal-whole teaching methods respectively. Subjects with right 
hemisphere dominance acquired the task more quickly w ith a nonverbal- 
whole teaching strategy while subjects with left hemisphere dominance 
performed more effectively w ith a verbal-part teaching strategy. Neither of 
these teaching methods proved more effective than the other, when verbal- 
part and nonverbal-whole teaching strategies were compared in optimal 
matched conditions. It was therefore the interaction of the subject's learning 
style with a preferred teaching strategy that produced maximal performance. 
Unfortunately, learning of the juggling task was not assessed by a retention 
test, only performance in acquisition was recorded.
Murray's experiment suggests that there may be a need to account for 
hemisphericity factors in physical education teaching. However, the 
hemispheric teaching strategies employed in Murray's study did not take 
into account other important perceptual-motor processing abilities within 
the hemispheres. A further problem with this study is that there is no way 
of knowing how hemisphericity individuals would have performed with an 
interhemispheric teaching strategy. If neither the verbal-part or the 
nonverbal-whole hemispheric teaching methods are particularly effective 
methods in the learning of a juggling skill, then the preferred teaching 
notion may be flawed by the lack of a fair comparison.
Biased teaching techniques may simply reinforce an individuals 
preference and deny the opportunity for more optimal processing 
mechanisms to develop. With this in mind, Fairweather and Sidaway
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(1994) investigated the normal population that Murray excluded from her 
study as a first step in investigating potential problems of biased teaching 
techniques. They also investigated the effectiveness of a teaching strategy 
that accounted for interhemispheric perceptual-motor advantages and 
motor disruption problems. This work may have im portant implications 
for teaching motor skills and so it shall be discussed in some detail next. 
Interhemispheric Teaching: A Case Study
To date, the effectiveness of an interhemispheric teaching 
methodology has received little empirical research attention. A complete 
appraisal of this teaching methodology will therefore be provided by 
discussing Fairweather and Sidaway's (1994) procedures and results. To 
investigate the effectiveness of hemispheric teaching strategies in the 
learning of a golf skill, Fairweather & Sidaway, (1994) examined right- 
handed males without any apparent hemisphericity tendencies. Thus the 
effects of left hemisphere, right hemisphere, and interhemispheric teaching 
strategies were evaluated on nondominant processors who make up the 
majority (68%) of the population. In contrast, Murray's subjects represented 
the extreme ends of the hemisphericity continuum making up only 32% of 
her original population sample.
Procedures.
The teaching strategies used were based on the most consistent 
findings within the cerebral function literature. As such, only those 
activities that could be unequivocally supported by empirical evidence were 
regarded as strict left hemisphere, right hemisphere, or interhemispheric 
activities.
In the left hemisphere condition, attention was given to detailed 
verbal instruction of the fundamental parts of the golf swing. To promote
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left hemisphere verbal-analytical processing, subjects were asked to verbally 
rate their swing immediately following each practice shot.
The right hemisphere teaching condition practiced the whole skill 
without any type of verbal or physical breakdown of the task. Subjects in 
this condition were asked to observe and copy the swing action, thus 
engaging the manipulospatial abilities of the right hemisphere. They were 
asked to appose information by repeating a model's swing in their mind 
prior to each shot and then rehearse the feel of their actual swing against 
their visual image of the model. This activity involved both mental and 
kinesthetic awareness of their swing. The aim of the activity was to initiate 
right hemisphere involvement in the manipulospatial activity.
The interhemispheric teaching condition performed holistic practice 
with three verbal cues at key points in the golf swing. Given the nature of 
the golf swing as a manipulospatial task, right hemisphere attention was 
encouraged by whole demonstrations of the golf swing. Motor disruption 
factors were also considered. To promote timing and rhythm, and 
simultaneously minimize the opportunity for verbal disruption, subjects 
were taught to say "one" as the club was taken away (to develop a one-piece 
take-away), to say "two" when the top of the backswing was reached (known 
as the coil position) and to say "three" at the point of impact. This technique 
attempted to optimize verbal-motor compatibility, whilst minimizing left 
hemisphere interference in the programming of the sequential motor 
behavior.
The teaching demonstrations in the interhemispheric condition 
focused on these three critical parts, however, they were performed in a 
continuous manner during the whole sequence of the golf swing. All 
subjects in this condition were encouraged to develop and practice their own
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natural rhythm by focusing attention on the sound of their counting. 
Following the first day of practice, subjects were told to count inside their 
heads rather than aloud to avoid the development of possible verbal-motor 
interference (Hicks, Provenzano, & Rybstein, 1975). If distracting thoughts 
came to mind, subjects were asked to focus more fully on the relationship 
between their swing pattern and the counting routine while maintaining 
vision on the ball.
Results.
Results of this study found a significant difference in the first test of 
acquisition, with the interhemispheric and right hemisphere teaching 
conditions performing similarly but both conditions performing 
significantly better than the left hemisphere teaching condition. This trend 
was repeated in the second acquisition test. In retention, however, the 
interhemispheric teaching condition scored significantly higher than both 
the left and right hemisphere conditions. The right hemisphere teaching 
condition still scored significantly better than the left hemisphere condition 
but showed a drop in performance in retention when compared to 
acquisition.
Discussion.
Matching an interhemispheric teaching style with cerebral function 
therefore enhanced the learning of the golf skill. It appeared that motor 
learning in a group of nondominant processors was facilitated the greatest by 
an instructional approach that accentuated the processing capabilities of both 
hemispheres. Extrapolating from Murray's data, one might have expected 
that during acquisition, nondominant processors taught with an 
interhemispheric approach, would outperform nondom inant processors 
taught with either a right or left hemisphere approach. However,
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acquisition performance was similar for interhemispheric and right 
hemisphere teaching conditions. These data reinforce the importance of 
nonverbal teaching in the acquisition of a golf skill for novices. For 
retention performance, however, an interhemispheric style appears clearly 
advantageous.
The right hemisphere teaching condition, without any analytical or 
verbal instruction, out performed the left hemisphere condition in 
acquisition and retention. Recall that the right hemisphere has an 
advantage over the left hemisphere in the processing of spatial information, 
in particular manipulospatial information (Kee et al., 1984). Golf is 
essentially a manipulospatial task because it involves the manipulation of a 
club through space to make contact with a ball. For the golf skill, it would 
seem that in order to optimize practice conditions in the earliest stages of 
skill development, spatial aspects should be emphasized while technical 
verbal instruction should be kept to a minimum.
The right hemisphere teaching condition appeared to have problems 
in recalling the task in the retention test. Subjects in this condition failed to 
maintain the level of performance observed at the end of the acquisition 
period. The direction of attention within the right hemisphere condition 
was toward the visual aspects of the swing. These visual aspects appeared to 
provide sufficient spatial information for the novice to achieve successful 
development within the acquisition period, but were not as effective for 
long term retention of the skill as an interhemispheric strategy.
A motor disruption interpretation.
The results from the condition given a left hemisphere teaching 
emphasis in Fairweather and Sidaway's (1994) study, suggest that verbally 
describing the parts that make up a motor skill is not the best way to
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encourage the acquisition or retention of a golf skill in novices who do not 
present hemisphericity. The left hemisphere subjects repeatedly reported 
that they gave themselves verbal instruction during their golf swings. This 
activity was not reported by the other two teaching conditions. In fact, every 
attempt was made to reduce the likelihood of verbal interference in the 
interhemispheric condition. The presence or absence of the opportunity for 
verbal interference might play an important role in explaining the 
differences in performance between the teaching conditions examined.
It is perhaps revealing that verbal instruction was the least effective 
method for the acquisition and retention of the golf skill. Recall that 
Goodale, (1988) and Harrington and Haaland (1991) have shown that the left 
hemisphere controls sequential motor action for both the left and right sides 
of the body and that the verbal and praxis systems in the left hemisphere are 
in Kinsbourne and Hicks (1978) terms functionally very close. It may be that 
concurrent matching of movement patterns w ith detailed verbal thoughts, 
limited sequential motor functions in the left hemisphere condition. This 
verbal interference may also be explained in resource terms (Friedman & 
Poison, 1981), as the potential resources available for sequential motor 
programming in the left hemisphere would be more limited if, as Thornton 
and Peters (1982) suggest, the left hemisphere controls both sequential motor 
behavior and verbal activity.
Rhythm and timing factors.
The subjects in Fairweather and Sidaway's (1994) left hemisphere 
condition consistently reported self-prescriptional verbal activity during and 
following the golf swing. Conscious verbalization concurrent within a 
motor performance may produce a functional overload, interfering with the 
sequential motor programming within the left hemisphere. Detailed verbal
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activity during the motor skill in the left hemisphere condition may have 
disrupted motor performance as a result of the capacity demands of this 
activity or because of its inability to fit in with the timing pattern of the 
motor skill (Thornton & Peters, 1982).
To minimize motor disruption effects, and to maximize timing 
factors, holistic models in the interhemispheric condition were 
supplemented by three analytical verbal cues. These cues enhanced the 
retention of the skill over that of the right hemisphere condition. Simple 
verbal cues may remind novice performers of the key stages of the task by 
providing a frame of reference that enhances awareness and timing of the 
movement pattern. The phonetic difficulty (Hicks, 1975) required to carry 
out the counting task was presumably insufficient to depress motor 
performance.
Counting "one" at the take-away of the club head, "two" at the top of 
the backswing, and "three" at the point of impact with the ball, fits in with 
the sequential mechanics of the golf swing, allowing compatibility of verbal 
behavior with the motor skill. These cues seem to have provided additional 
information by reinforcing the temporal aspects of the skill and also 
memory of its key parts thereby enhancing retention. Augmenting the 
movement pattern in this manner has also recently been found to improve 
the retention and acquisition of juggling skills (Fairweather et al., 1993; 
Meaney, 1994).
The Inner Game Phenomenon
Fairweather and Sidaway (1994) propose that their results were 
partially due to a teaching strategy that prevented verbal-motor disruption 
and optimized rhythm and timing factors. Previous to this work Gallwey 
(1981) designed a teaching technique that seems to intuitively account for
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verbal-motor disruption called the inner game approach. Sports teaching in 
the 1980's was influenced in a number of areas by this approach (e.g., 
Blakeslee, 1980; Hall, 1981; M adden & McGown, 1989). In essence, Gallwey 
suggests that superior motor performance will be observed when there is a 
reduction in concurrent "self-talk" instructions.
To decrease verbal disruption, Gallwey devised a number of 
concentration exercises to focus attention on the immediate environment. 
Gallwey's verbal exercises (e.g., "bounce-hit" in tennis) focus attention 
towards the movement of the tennis ball on the court. Rather than giving 
specific verbal instructions on how to perform parts of a movement, 
attention is drawn towards kinesthetic awareness and matching the timing 
of the verbal cue with the movement of the ball. Performers are asked to 
observe nonverbal demonstrations then practice using the prescribed verbal 
cues. The verbal strategies applied involve rhythm and timing and are 
often used as an aid to focus the player on the task in hand. Self analysis is 
encouraged following an action (e.g., rate your racquet movement out of 
ten).
Inner game suggestions for teaching can be reinforced nicely from a 
hemispheric perspective in which optimum performance involves 
maximizing the potential of both hemispheres, both during and following a 
task. Gallwey's verbal cues, such as "bounce-hit," may help optimize left 
hemisphere attention during the motor skill. Very simple verbal activity 
that matches the timing of a movement pattern is directed towards the task 
at hand. If these cues are simple, and match the timing of the movement 
pattern, then sequential motor programming may be unaffected.
Gallwey proposes that his verbal strategies are eventually carried out 
inside the head, extinguishing the verbal-motor component. From a
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hemispheric perspective, disruption of sequential motor programming 
would then be less likely. Nonverbal attention is stressed during 
demonstrations, while analytical attention is encouraged following 
performance.
The success of this teaching approach may be explained by dual 
involvement of the hemispheres. It seems that Gallwey intuitively chose 
teaching techniques that demand and optimize interhemispheric processing. 
Emphasis is given to more nonverbal techniques reinforcing visuospatial, 
kinesthetic, and timing factors that are enhanced by a verbal cueing 
mechanism. This mechanism may reinforce the motor action by facilitating 
timing, rhythm, perception of the ball, racquet, and body, and yet still not 
interfere with left hemisphere sequential motor programming.
Empirical Research on Inner Game Teaching
Little empirical research has investigated the effectiveness of an inner 
game teaching approach or the neuropsychological reasons for its purported 
success. Madden and McGown (1989) did compare an inner game method 
against a progressive-part teaching method in teaching volleyball skills in 
subjects preassessed for hemisphericity. Their study was based upon 
Gallwey's inner game concepts and Murray's (1979) findings that subjects 
who presented hemisphericity learned to juggle more rapidly when taught 
by a teaching mode that matched their preferred mode of processing. The 
results of Madden and McGown's (1989) study showed no significant 
differences between the two forms of teaching and no significant interaction 
between hemisphericity and either teaching method.
Criticisms of Madden and McGown's Procedures
A number of questions may be raised concerning the teaching 
methodology adopted and the assessment of hemisphericity in Madden and
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McGown's study. The authors did not choose subjects who were relatively 
extreme in their mode of processing, which is a requirement in classifying 
hemisphericity. Instead, Madden and McGown used all potential subjects 
and simply separated them into left or right hemisphere dominant based on 
their relative scores on the Herrmann Participant Survey Form (Herrmann, 
1982).
The hemisphericity notion suggests that only extreme processors 
should be regarded as presenting hemisphericity. M adden and McGown 
acknowledged that they did not originally adhere to this notion and, in fact, 
reanalyzed their data attempting to include only extreme subjects. 
Unfortunately, there were not enough subjects who showed right 
hemisphere dominance and so subjects with less processing dominance 
were included under this label. These results were again non significant. In 
summary, hemisphericity by definition is a characteristic of extreme 
processors. The subject sample in hemisphericity research m ust therefore be 
carefully assessed prior to investigation in order to provide a true test of the 
theoretical notions.
In examining the teaching strategies applied in Madden and 
McGown's study it is questionable whether these strategies were truly 
representative of left and right hemisphere teaching. M adden and McGown 
describe comparing a progressive strategy against an inner game holistic 
approach. Clear identification of left and right hemisphere teaching 
methodology, in line with their literature review, was not provided. The 
inner game teaching methodology as described by Gallwey may be more 
representative of interhemispheric processing than right hemisphere 
processing, and so one would not expect to find an interaction between this 
method and right hemisphere dominant subjects. Strict right hemisphere
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and left hemisphere teaching strategies may therefore also be necessary to 
observe an interaction between teaching style and hemisphericity.
Future directions
Applied research examining hemispheric functions, originally only 
considered processing differences in the left and right hemispheres 
according to the verbal-nonverbal dichotomy. In Murray's (1979) study she 
examined the effectiveness of right and left hemisphere teaching strategies 
on subjects who presented hemisphericity while recent work by Fairweather 
& Sidaway (1994) added an interhemispheric teaching strategy to these left 
and right hemisphere strategies and examined their effectiveness on 
nondom inant processors.
Clearly, what is absent from these two studies is the effectiveness of 
an interhemispheric teaching style on subjects who present hemisphericity. 
If processing compatible teaching styles are more effective than an 
interhemispheric teaching strategy, then there may be a need to cater for 
processing differences when designing teaching techniques. However, if an 
interhemispheric teaching strategy were found to be more effective for all 
subjects, then this finding would suggest that personal processing biases can 
be overcome. This finding would also suggest that there are more 
important factors to consider in teaching motor skills than individual 
differences in hemisphericity. These factors being the facilitation of 
complementary processing in both hemispheres, and limiting the potential 
for motor disruption.
Thus, in recent work Fairweather et al., (1993) investigated the 
effectiveness of hemispheric teaching strategies by controlling for 
hemisphericity characteristics in the learning of a juggling skill.
Investigation of this question provides further insight into the operation of
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processing mechanisms for subjects who satisfy the modal model of cerebral 
function but who also show hemisphericity. The trends in Fairweather et 
al.'s, (1993) juggling data suggest that personal biases in processing can be 
overcome. An interhemispheric teaching strategy that minimizes verbal 
instruction and uses verbal cues to facilitate skill learning appears more 
effective than matching preferred teaching strategies w ith hemispheric 
dominance. These data are in line with Fairweather and Sidaway's (1994) 
findings for a golf task. In fact the effect of an interhemispheric teaching 
strategy appears even more powerful for the juggling task than in the golf 
task. Taken together these findings support the notion that 
interhemispheric teaching effects are neither task or gender specific because 
the subjects in Fairweather et al.'s, study were females and in Fairweather & 
Sidaway's study they were males.
Further study is necessary to establish the reasons why 
interhemispheric teaching strategies are successful. Is it the attempt to 
directly involve both left and right hemisphere perceptual-motor abilities in 
skill learning? Perhaps positive effects simply occur by limiting verbal 
motor disruption factors and facilitation retention by using a counting 
strategy? A first step may be to direct attention toward the most consistent 
factor in motor skill performance that affects the population in general.
This factor suggests that the verbal and praxis systems can present motor 
problems when functioning simultaneously. Verbal-motor disruption 
factors have, as yet, not been clearly evaluated in gross motor skill learning 
paradigms. These factors require investigation from the perspectives of 
context, compatibility, and phonetic difficulty.
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Conclusions
The review of basic research on motor disruption and dual-task 
performance suggests that verbal-motor disruption may be predictable given 
the physiological structure of the brain and the specific functions that are 
controlled by the left and right hemispheres. The functional and physical 
closeness of the left hemisphere verbal and praxis systems presents a 
problem in combining the dual activation of these systems. A number of 
precautions can therefore be advised given the findings of 
neuropsychological, verbal-motor research in this area.
In order to limit potential verbal interference during sequential 
motor task performance, some specific advice can be offered. The phonetic 
difficulty of concurrent verbal activity should be as simple as possible. By 
reducing this difficulty other factors such as compatibility and timing may 
then be considered. The compatibility of verbal-motor activities may 
enhance the performance of both tasks by optimizing rhythm  and timing 
factors. Prior to designing simple verbal cues analysis of the sequential 
mechanics that make up a movement pattern is advised. The type of motor 
skills that may benefit most by considering verbal-motor disruption factors 
may be fairly unrestricted. Verbal cues can be used in closed skills such as 
golf and in continuous open skills such as rallying in tennis.
W hen motor disruption factors are not considered 
neuropsychological research suggests that the likelihood of disruption 
increases. The research in applied skill learning so far, suggests that 
analytical, verbal instruction presented to novices in the learning of 
complex motor skills, increases the likelihood of self-instruction throughout 
the performance of a skill. If this verbal activity were phonetically difficult, 
or lacking in compatibility w ith the sequential mechanics of a movement
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pattern, then motor skill disruption would probably occur. Further research 
is necessary to fully examine this prediction. At present, however, to 
optimize the presence of any verbal activity, using simple verbal cues that 
match the timing and mechanical pattern of the movement are suggested. 
These cues appear particularly useful in the earliest stages of learning when 
the likelihood for self-talk is very high. Verbal-motor disruption is found to 
affect the population as a whole including those individuals who present 
hemisphericity. A worrying aspect of Murray's (1979) hemisphericity view 
of left hemisphere teaching is that a verbal-part teaching approach may offer 
the greatest potential for motor skill disruption.
Intuitively, teaching methodology should also consider the unique 
perceptual-motor processing abilities that are present in the left and right 
hemispheres. These processes appear important in optimizing success in 
many motor behavior environments. To ignore such abilities as in a biased 
hemiphericity teaching view, may minimize the opportunity for 
interhemispheric potential. At present, the most prudent measure for 
teaching, would be to apply a methodology that optimizes interhemispheric 
perceptual-motor capabilities within the requirements of a motor skill.
In conclusion, there is a clear body of evidence to indicate that 
teaching methodology and motor control research should consider critical 
hemispheric function factors (e.g., Blakeslee, 1980; Bradshaw & Nettleton, 
1973). The findings of this review have emphasized this body of literature. 
These findings suggest that limiting awareness of hemispheric function to 
the more popular descriptive notion of left-right hemisphere may not 
encourage the most optimal use of hemispheric processing.
Basic motor control research is required that investigates the nature of 
verbal-motor disruption in both open and closed loop and fine and gross
125
motor skills, performed at different velocities. Motor control experiments 
examining motor disruption thus far, have tended to ignore learning 
paradigms. To investigate the possibility that motor disruption effects may 
be overcome with practice, the use of learning paradigms would provide 
further insight. Further empirical study of the applied hemispheric 
function factors outlined in this review is necessary so that suggestions 
made in this paper for optimizing skill learning may be more thoroughly 
examined.
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Hum an Consent Form 
I have read the instructions for this experiment and I am aware that 
attendance on all testing days is necessary in order to receive extra credit. I 
wish to take part in this experiment in return for partial class credit. I 
understand that I am free to withdraw from the experiment at any time if I 
wish and that any information collected will be strictly confidential to the 






Conjugate Lateral Eye Movement Data
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Table 6. Conjugate lateral eye movement data.
Subject Right Hemisphere Processors Left Hemisphere Processors Interhemispheric Processors
Left Right Up Down Stare Left Right Up Down Stare Left Right Up Down Stare
1 21 4 3 2 0 3 20 3 5 2 10 7 6 4 3
2 20 2 0 0 8 6 23 1 0 0 9 12 2 1 6
3 22 2 3 0 3 3 21 2 1 3 14 15 1 0 0
4 20 5 0 0 5 5 20 1 0 4 12 14 0 1 3
5 24 6 0 0 0 5 22 0 0 3 10 13 1 0 6
6 21 3 0 0 7 9 21 0 0 0 15 15 0 0 0
7 24 6 0 1 3 2 24 0 0 4 12 9 0 0 9
8 21 9 0 0 0 9 20 0 0 1 14 10 1 1 4
9 22 4 2 0 2 2 26 2 0 0 17 13 0 0 0
10 20 1 0 0 9 10 20 0 0 0 16 12 1 0 1
11 22 5 1 0 2 5 21 0 1 3 14 16 0 0 0
12 26 3 1 0 0 8 22 0 0 0 15 14 0 0 1
13 21 7 1 0 1 9 21 0 0 0 10 11 0 0 9
14 25 0 0 0 5 9 21 0 0 0 12 14 0 1 3
15 20 4 0 1 5 6 24 0 0 0 10 8 1 3 8
16 20 10 0 0 0 6 21 3 0 0 16 14 0 0 0
17 25 5 0 0 0 3 22 1 0 4 11 13 2 0 4







Experiment 1 and 2 General Instructions 
General Juggling Instructions (read to all groups)
Start w ith two balls in one hand and one ball in the other hand. Toss the 
balls from waist height to head height, and hold the arms bent at the elbow 
to approximately ninety degrees. If you drop a ball then start again. Each 
time you resume practice make sure that you start the juggling pattern from 
the hand holding two balls.
Experiment 1
Instructions for Right Hemisphere Teaching Condition.
138
Please face the wall during this experiment.
1. You will observe a model demonstrate 40 successful juggling catches on 
the television screen prior to practicing the skill.
2. During rest periods visualize the models juggling action and then 
compare these actions to the feelings from your own performance.
3. You will practice the skill with 3 tennis balls for 2 minutes and then 
receive 45 seconds rest, before practicing on two more occasions for 2 
minutes, with a 45 second rest period between these two practice sessions..
4. Following the third period of 2 minute practice, and a further 45 second 




Instructions for Left Hemisphere Teaching Condition.
You will practice the juggling task using one ball, then two balls, and finally 
three balls. Please face the wall during this experiment.
1. You will observe a model demonstrate 40 successful juggling catches on 
the television screen prior to practicing the skill.
2. Please read the instructions explaining how to perform the skill w ith one 
ball, then practice the skill for 2 minutes. Following practice rest for 45 
seconds. During this time period read the verbal instructions explaining 
how to perform the task w ith two balls.
3. You will practice then with two balls for 2 minutes. Following practice 
rest for 45 seconds. During this time period read the verbal instructions 
explaining how to perform the task with three balls.
4. Following a rest period of 45 seconds you will practice the skill w ith three 
balls for 4 minutes.
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Experiment 1
Reading Instructions for Left Hemisphere Teaching Condition.
Throw one ball from your right hand to your left hand and then 
throw the same ball from your left hand to the right hand. Repeat this 
motion continuously. While practicing this task move one hand clockwise 
and the other hand moves counter-clockwise, making small circles w ith the 
hands at and just above waist height. Let each hand "give" as you catch the 
ball and toss each ball to about eye height.
Hold one ball in each hand at about waist height. Throw the ball 
from your right hand up in the air in front of the body, so that it moves 
across the body to just about eye height before dropping downwards to the 
left hand. Simultaneously, throw the second ball from your left hand in an 
identical manner to the right hand. Remember to let your hands give and 
move one hand clockwise and the other hand counter-clockwise as you did 
with one ball. Look straight ahead at a point between the two balls.
Hold two balls in your right hand and one ball in the another. Toss 
one ball from the right hand across the body to just about eye height, then 
throw the ball in your left hand across the body to the same height. Prior to 
catching the ball just thrown from your left hand, you must release the 
second ball held in your right hand, and then catch the ball thrown from 
your left hand (If you stop here you will now have two balls in your left 
hand and one in your right hand). The goal is to continue to move the balls 
back and forth continuously. The only time you will have two balls in one 
hand is at the start. You should notice that the paths of the balls forms an X 
shape out in front of your body.
Experiment 1
Instructions for Interhemispheric Teaching Condition.
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You will practice the juggling task using all three balls. Please face the 
wall during this experiment.
1. You will observe a model demonstrate 40 successful juggling catches 
on the television screen prior to practicing the skill.
2. You will practice the skill with three balls for 2 minutes. Following 
practice rest for 45 seconds. During practice you will say out loud "1, 2, 3,4" 
continuously. Once you reach "4" start resume counting from "1" each 
number will be called at the exact time that you release a tennis ball in the 
throwing action from each hand.
Please repeat this verbal rhythm out loud as you pass the balls back 
and forth. Focus your attention on the feel of the balls and the sound of 
your counting.
3. During your 45 second rest period try and visualize the juggling pattern as 
demonstrated by the model.
4. You will practice the skill on two more occasions for 2 minutes with 
further 45 second rest periods. Again during rest try and visualize the 
juggling pattern as demonstrated by the model.
5. Finally practice the with three balls for 4 minutes.
Experiment 2
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Instructions for Control Teaching Condition.
Please sit down and carefully read the following instructions. If you 
have any questions please ask the experimenter.
1. You will listen to a tape recorder playing a beeping sound. Your task is to 
match these beeps with letters from the alphabet. Start from "A", once you 
reach "Z" then restart again from "A." Each letter must directly coincide 
w ith a beep. The experimenter will demonstrate this task then you will 
practice for one minute.
LEARNING TO TUGGLE
1. Basic instructions will be given to you that explain how to prepare for the 
juggling skill.
2. You will then observe a model juggling three tennis balls continuously. 
Watch the model closely as this is the motor skill that you are going to learn.
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Experiment 2
Instructions for Compatible and Incompatible Teaching Conditions.
Please sit down and carefully read the following instructions.
LEARNING TO MATCH A VERBAL RHYTHM
1. You will listen to a tape recorder playing a distinct rhythm. Your task is 
to match this rhythm out-loud, saying "one-two-three-four" continuously 
and repetitively. Each count must directly coincide with a beep. The 
experimenter will demonstrate this task then you will practice for one 
m inute.
LEARNING TO TUGGLE
1. Basic instructions will be given to you explaining how to prepare for the 
skill.
2. You will then observe a model juggling three tennis balls continuously. 
Watch the model closely as this is the motor skill that you are going to learn.
3. Next you will attempt to learn the juggling skill whilst performing the 
verbal task described in the introduction. All of your practice will be filmed 
and you will be scored equally for your ability to follow the verbal task and 
carry out the juggling task. You must not simply juggle and then speak, 
both tasks must be performed at the same time all the time. If you drop a 
ball continue to follow the verbal rhythm then restart your juggling. Early 
in practice you may have difficulty please be patient and do not give up.
4. When do I count? Count continuously, however, if for some reason you 
lose track of the rhythm then restart at "one."
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Experiment 2
Instructions for Phonetic Difficulty Teaching Condition.
Please sit down and carefully read the following instructions:
T.EARNING TO MATCH A VERBAL RHYTHM
1. You will listen to a tape recorder playing a distinct rhythm. Your task is 
to match this rhythm  out-loud, saying "one hundred, two hundered, three 
hundred, four hundred" continuously and repetitively. Each count must 
directly coincide w ith a tape recorded beeping sound. The experimenter will 
demonstrate the task and then you will practice for one minute.
LEARNING TO TUGGLE
1. Basic instructions will be given to you explaining how to prepare for the 
skill.
2. You will then observe a model juggling three tennis balls continuously. 
Watch the model closely as this is the motor skill that you are going to learn.
3. You will then attempt to learn the juggling skill whilst performing the 
verbal task described in the introduction. All of your practice will be filmed 
and you will be scored equally for your ability to follow the verbal task and 
carry out the juggling task. You m ust not simply juggle and then speak, 
both tasks must be performed at the same time all the time. If you drop a 
ball continue to follow the verbal rhythm then restart your juggling. Early 
in practice you may have difficulty please be patient and do not give up.
4. When do I count? Count continuously, however, if for some reason you 
lose track of the rhythm then restart at "one hundred"
145
Experiment 2 
Instructions for Noncontext Teaching Condition.
Please sit down and carefully read the following instructions.
LEARNING TO MATCH A VERBAL RHYTHM
1. You will listen to a tape recorder playing a distinct rhythm. Your task is 
to match this rhythm  out-loud, saying "one-one-one-one" continuously and 
repetitively. Each count m ust directly coincide with a beep. The 
experimenter will demonstrate this task then you will practice for one 
m inute.
LEARNING TO TUGGLE
1. Basic instructions will be given to you explaining how to prepare for the 
skill.
2. You will then observe a model juggling three tennis balls continuously. 
Watch the model closely as this is the motor skill that you are going to learn.
3. You will then attempt to learn the juggling skill whilst performing the 
verbal task described in the introduction. All of your practice will be filmed 
and you will be scored equally for your ability to follow the verbal task and 
carry out the juggling task. You m ust not simply juggle and then speak, 
both tasks must be performed at the same time all the time. If you drop a 
ball continue to follow the verbal rhythm and then restart your juggling. 
Early in practice you may have difficulty please be patient and do not give 
up.





Lateral Eye Movement: Question Set One
1. Subtract 47 from 93 (V)
2. Can you think of an animal that resembles the shape of the United States?
(S)
3. Who is your favorite basketball player? (N)
4. What color was your first bicycle? (S)
5. A1 is smarter than Sam, A1 is duller than Rick, who is the smartest? (V)
6. What are you three worst qualities? (N)
7. What is the total in days when we add March to June? (V)
8. Where would you least like to go on vacation? (N)
9. Which direction does the face look on a quarter? (S)
10. What are your best friends, three best qualities? (N)
11. Can you please hum the first ten seconds of the U. S. National Anthem? (S)
12. Spell consequently. (V)
13. Picture the U. S. flag, which color takes up most space? (S)
14. X squared plus five equals fourteen, what is X? (V)
15. What is your second favorite football team? (N)
V= verbal, S = spatial, N  = Neutral
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Experiment 1 
Lateral Eye Movement: Session Two
1. Can you think of an animal that resembles the shape of Louisiana? (S)
2. Subtract 37 from 76. (V)
3. What is the purpose of this experiment? (N)
4. How many words are there in this sentence? (V)
5. What are the colors of your favorite fruit and vegetable? (S)
6. What is your favorite sport? (N)
7. Which direction do you take to drive to school? (S)
8. What are your three best qualities? (N)
9. What is the total in days when we add January to February? (V)
10. Where would you most like to go on vacation? (N)
11. Spell comparability? (V)
12. Please hum for ten seconds your favorite tune. (S)
13. What is the total of the numbers that make up the day, the month and the 
year of your date of birth? (V)
14. Picture a map of the United States, where is New York in relation to New 
Orleans? (S)
15. What do you think is our countries greatest resource? (N)
V = verbal, S = spatial, N = neutral
Experiment 1: Post Hoc Question
1. What were you thinking about during your juggling practice?
PLEASE COMPLETE ONLY YOUR NAME BELOW 
NAME: GROUP:
Experiment 2: Control Group Post Hoc Questions
1. What were you thinking about during your juggling practice?
2. Did you use any strategies to help you perform the skill?
PLEASE COMPLETE ONLY YOUR NAME BELOW 
NAME: GROUP:
Appendix F 
Means and Standard Deviations
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Table 7. Means (Standard Deviations) of successful catches in acquisition
teaching condition and acquisition test.
Means Table
Effect: acq data * hem isphericity * Group 
Dependent: acq
Count Mean Std. Dev. Std. Error
Element 1. left. 1 6 1.833 .408 .167
Element 1, left, 2 6 1.667 .516 .211
Element 1, left, 3 6 1.833 .408 .167
Element 1, right, 1 6 1.667 .516 .211
Element 1, right, 2 6 1.833 .408 .167
Element 1, right, 3 6 1.667 .516 .211
Element 1, inter, 1 6 1.833 .408 .167
Element 1, inter, 2 6 1.667 .516 .211
Element 1, inter, 3 6 1.667 .516 .211
Element 2, left, 1 6 2.000 0.000 0.000
Element 2, left, 2 6 2.833 .983 .401
Element 2, left, 3 6 2.000 1.095 .447
Element 2, right, 1 6 1.667 .516 .211
Element 2, right, 2 6 1.500 .548 .224
Element 2, right, 3 6 3.167 1.472 .601
Element 2, inter, 1 6 2.000 .632 .258
Element 2, inter, 2 6 2.000 .632 .258
Element 2, inter, 3 6 3.000 1.414 .577
Element 3, left, 1 6 2.167 .408 .167
Element 3, left, 2 6 2.333 .516 .211
Element 3, left, 3 6 3.000 1.673 .683
Element 3, right, 1 6 2.000 0.000 0.000
Element 3, right, 2 6 2.333 .816 .333
Element 3, right, 3 6 4.167 .753 .307
Element 3, inter, 1 6 2.167 .408 .167
Element 3, Inter, 2 6 2.667 .516 .211
Element 3, inter, 3 6 3.833 .753 .307
Element 4, left, 1 6 2.500 .548 .224
Element 4, left. 2 6 3.167 1.169 .477
Element 4, left, 3 6 4.000 2.098 .856
Element 4, right, 1 6 2.667 .516 .211
Element 4, right, 2 6 3.000 2.530 1.033
Element 4, right, 3 6 6.167 4.622 1.887
Element 4, inter, 1 6 2.333 .516 .211
Element 4, inter, 2 6 3.167 1.169 .477
Element 4, inter, 3 6 6.000 4.648 1.897
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Table 8. Means (Standard Deviations) of successful catches in retention for
teaching condition and retention test.
Means Table
Effect: test * Group * hem isphericity  
Dependent: Retention
Count Mean Std. Dev. Std. Error
test 1 1 left 6 1.833 .408 .167
test 1 1 right 6 1.667 .516 .211
test 1 1 inter 6 2.167 .753 .307
test 1. 2. left 6 1.667 .516 .211
test 1. 2. right 6 1.833 .408 .167
test 1. 2. inter 6 1.833 .753 .307
test 1. 3. left 6 2.167 . 408 .167
test 1, 3. right 6 1.667 .516 .211
test 1. 3. inter 6 2.333 .816 .333
test 2, 1. left 6 2.000 0.000 0.000
test 2, 1. right 6 1.667 .516 .211
test 2. 1. inter 6 2.000 .632 .258
test 2. 2. left 6 2.833 .983 .401
test 2, 2. right 6 1.500 .548 .224
test 2, 2, inter 6 2.000 .632 .258
test 2. 3, left 6 2.333 1.033 .422
test 2. 3. right 6 3.000 1.673 .683
test 2. 3. inter 6 3.000 .894 .365
test 3. 1. left 6 2.167 .408 .167
test 3. 1. right 6 2.000 0.000 0.000
test 3. 1. inter 6 2.667 .516 .211
test 3, 2, left 6 2.333 .516 .211
test 3, 2, right 6 2.333 .816 .333
test 3. 2. inter 6 3.000 .632 .258
test 3. 3. left 6 3.167 1.602 .654
test 3, 3. right 6 3.333 1.211 .494
test 3. 3. inter 6 4.000 1.549 .632
test 4. 1. left 6 2.500 .548 .224
test 4. 1. right 6 2.667 .516 .211
test 4. 1. inter 6 2.167 .408 .167
test 4. 2. left 6 3.167 1.169 .477
test 4. 2. right 6 3.000 2.530 1.033
test 4. 2. inter 6 2.333 .516 .211
test 4, 3. left 6 4.167 1.472 .601
test 4. 3. right 6 6.167 4.622 1.887
test 4, 3. inter 6 4.500 1.049 .428
Table 9. Means (Standard Deviations) of successful catches in acquisition
teaching condition, gender, block, and acquisition test.
M eans T ab le
Effect: day  * b lo ck s * g e n d e r 
D e p e n d e n t:  A cq u is itio n
* group
Count Mean Std. Dev. Std. Error
day one, b1, male, compatible 6 4 .0 0 0 1 .789 .730
day one, b1, male, incompatible 6 2 .5 0 0 1 .049 .428
day one, b1, male, noncontext 6 3 .3 3 3 1 .862 .760
day one, b1, male, phonetic 6 2 .3 3 3 .816 .3 3 3
day one, b1, male, model 6 2 .0 0 0 .894 .3 6 5
day one, b1, female, compatible 6 1 .067 .516 .211
day one, b1. female, incompatible 6 1 .3 3 3 .510 .211
day one, b1, female, noncontext 6 3 .6 0 7 2 .3 3 8 .9 5 5
day one. b1, female, phonetic 6 1 .500 .548 .2 2 4
day one, b1, female, model 6 2 .0 0 0 .894 .3 6 5
day one, b2, male, compatible 6 5 .1 6 7 1.941 .792
day one, b2, male, incompatible 6 2 .6 6 7 1 .0 3 3 .422
day one, b2, male, noncontext 6 5 .3 3 3 4 .5 0 2 1 .8 3 8
day one, b2, male, phonetic 6 2 .5 0 0 1 .6 4 3 .671
day one, b2, male, model 6 2 .1 0 7 .753 .3 0 7
day one, b2, female, compatible 6 2 .0 0 0 .894 .3 6 5
day one, b2, female, incompatible 6 2 .0 0 0 1 .0 9 5 .4 4 7
day one, b2, female, noncontext 6 4 .8 3 3 2 .9 2 7 1 .1 9 5
day one, b2, female, phonetic e 1 .6 6 7 .510 .211
day one, b2, female, model 6 2 .0 0 0 .894 .305
day one, b3, male, compatible 6 5 .3 3 3 1 .9 0 6 .8 0 3
day one, b3, male, incompatible 6 3 .8 3 3 1 .0 0 2 .654
day one, b3, male, noncontext 6 6 .5 0 0 4 .9 3 0 2 .0 1 2
day one, b3, male, phonetic 6 3 .0 0 0 1 .4 1 4 .5 7 7
day one, b3, male, model 6 3 .0 0 0 .894 .3 8 5
day one, b3, female, compatible 6 2 .3 3 3 1 .0 3 3 .422
day one, b3, female, incompatible 6 2 .0 0 0 1 .0 9 5 .4 4 7
day one, b3, female, noncontext 6 4 .3 3 3 2 .0 0 6 .8 4 3
day one, b3, female, phonetic 6 1 .8 3 3 .408 .1 6 7
day one, b3, female, model 6 2 .0 0 0 .894 .3 6 5
day one, b4, male, compatible 6 6 .1 0 7 2 .2 2 9 .910
day one, b4, male, incompatible 6 3 .3 3 3 1 .6 3 3 .6 6 7
day one, b4, male, noncontext 6 6 .8 3 3 4 .8 7 5 1 .9 9 0
day one, b4, male, phonetic 6 3 .3 3 3 1 .6 3 3 .6 6 7
day one, b4, male, model 6 3 .1 6 7 .753 .307
day one, b4, female, compatible 6 2 .5 0 0 1 .3 7 8 .563
(table con'd.)
day one, b4. female, incompatible 6 1 .8 3 3 .7 5 3 .3 0 7
day one, b4, female, noncontext 6 8 .0 0 0 4 .0 5 0 1 .6 5 3
day one, b4, female, phonetic e 2 .3 3 3 .8 1 6 .3 3 3
day one. b4, female, model 6 2 .5 0 0 1 .0 4 9 .428
day one. b5, male, compatible 8 9 .0 0 0 3 .8 4 7 1.571
day one, b5, male, incompatible 6 4 .0 0 0 1 .5 4 9 .6 3 2
day one, b5, male, noncontext 6 7 .1 0 7 4 .8 7 5 1 .9 9 0
day one, b5, male, phonetic 8 3 .1 6 7 1 .3 2 9 .5 4 3
day one, b5, male, model 8 3 .5 0 0 .548 .2 2 4
day one, b5, female, compatible 6 3 .0 0 0 1 .2 8 5 .5 1 6
day one, b5, female, incompatible 6 2 .1 6 7 .7 5 3 .3 0 7
day one, b5, female, noncontext 8 5 .1 6 7 2 .7 8 7 1 .1 3 8
day one, b5, female, phonetic 8 2 .8 3 3 .983 .401
day one, b5. female, model 6 2 .5 0 0 .548 .2 2 4
day two, b l ,  male, compatible 6 1 1 .8 6 7 7 .2 3 0 2 .9 5 1
day two, b1, male, incompatible 8 5 .8 6 7 2 .5 0 3 1 .0 2 2
day two, b1, male, noncontext 6 9 .8 6 7 5 .9 8 9 2 .4 4 5
day two, b1, male, phonetic 8 3 .6 6 7 1 .0 3 3 .4 2 2
day two, b1, male, model 8 4 .5 0 0 .8 3 7 .3 4 2
day two, b1, female, compatible 8 4 .1 8 7 1 .7 2 2 .7 0 3
day two, b1, female, incompatible 6 2 .8 3 3 1 .329 .5 4 3
day two, b1. female, noncontext 8 6 .5 0 0 2 .9 5 0 1 .2 0 4
day two, b1, female, phonetic 8 3 .3 3 3 1 .0 3 3 .4 2 2
day two, b1, female, model 8 2 .6 6 7 1.211 .4 9 4
day two, b2, male, compatible 6 1 3 .5 0 0 7 .0 3 8 2 .8 7 2
day two, b2, male, incompatible 6 5 .1 6 7 2 .4 8 3 1 .0 1 4
day two, b2, male, noncontext 6 9 .3 3 3 4 .5 4 6 1 .8 5 8
day two, b2, male, phonetic 6 3 .8 3 3 1 .3 2 9 .5 4 3
day two, b2, male, model 6 5 .3 3 3 2 .0 6 8 .8 4 3
day two, b2, female, compatible 8 4 .3 3 3 2 .3 3 8 .9 5 5
day two, b2, female, incompatible 8 2 .3 3 3 .816 .3 3 3
day two. b2. female, noncontext 8 7 .6 6 7 8 .022 2 .4 5 9
(table con'd.)
day two, b2, female, phonetic e 3 .0 0 0 .632 .2 5 8
day two, b2, female, model 6 2 .5 0 0 1.049 .4 2 8
day two, b3, male, compatible 6 17,867 1 0 .4 2 4 4 .2 5 6
day two, b3, male, incompatible 6 5 .8 3 3 2 .401 .9 8 0
day two. b3, male, noncontext e 1 1 .5 0 0 5 .0 1 0 2 .0 4 5
day two, b3, male, phonetic 6 4 .3 3 3 1 .3 6 8 .5 5 8
day two, b3, male, model e 5 .3 3 3 1 .9 6 6 .8 0 3
day two, b3, female, compatible e 4 .6 6 7 1 .882 .7 6 0
day two, b3, female, incompatible 6 2 .8 3 3 1 .329 .5 4 3
day two. b3, female, noncontext 6 7 .5 0 0 4 .0 3 7 1 .6 4 8
day two, b3, female, phonetic 6 3 .0 0 0 .832 .2 5 8
day two, b3, female, model 6 2 .6 6 7 1.211 .4 9 4
day two, b4, male, compatible 8 1 9 .1 8 7 1 0 .498 4 .2 8 5
day two, b4, male, incompatible 6 8 .8 3 3 3.061 1 .2 4 9
day two, b4, male, noncontext 8 1 0 .8 6 7 4.761 1 .9 4 4
day two, b4, male, phonetic 6 4 .3 3 3 1 .366 .5 5 8
day two, b4, male, model 8 5 .5 0 0 1 .5 1 7 .619
day two, b4, female, compatible 8 4 .8 3 3 1.722 .7 0 3
day two, b4, female, incompatible 8 2 .5 0 0 1 .225 .5 0 0
day two. b4, fem ale, noncontext 6 8 .1 6 7 5 .7 7 6 2 .3 5 8
day two, b4, female, phonetic 8 3 .B 33 1.472 .601
day two, b4, female, model 8 3 .0 0 0 1 .2 8 5 .5 1 6
day two. b5, male, compatible 6 1 9 .1 6 7 1 1 .053 4 .5 1 2
day two, b5, male, incompatible 8 7 .5 0 0 3 .4 5 0 1 .4 0 8
day two. b5, m ate, noncontext 6 9 .1 6 7 4 .6 2 2 1 .8 8 7
day two, b5, male, phonetic 6 5 .3 3 3 2 .5 0 3 1 .0 2 2
day two, b5. male, model 8 5 .0 0 0 1 .4 1 4 .5 7 7
day two, b5, female, compatible 6 5 .3 3 3 2 .5 0 3 1 .0 2 2
day two, b5, female, incompatible 8 2 .5 0 0 1 .049 .428
day two. b5, female, noncontext 6 9 .5 0 0 5 .3 5 7 2 .1 8 7
day two, b5, female, phonetic 8 3 .5 0 0 1 .378 .5 6 3
day two, b5, female, model 8 3 .1 6 7 2 .1 3 7 .8 7 2
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Table 10. Means (Standard Deviations) of successful catches in retention for
teaching condition, gender, and retention test.
Count Mean Std. Dev. Std. Error
retl, male, compatible 6 14.833 9.347 3.816
retl, male, incompatible 6 6.000 3.033 1.238
retl, male, noncontext 6 11.333 8.733 3.565
retl, male, phonetic 6 4.833 3.061 1.249
retl, male, model 6 5.000 1.897 .775
retl. female, compatible 6 3.000 .632 .258
retl. female, incompatible 6 2.500 1.049 .428
retl, female, noncontext 6 5.667 3.386 1.382
retl. female, phonetic 6 2.833 .753 .307
retl. female, model 6 2.333 1.033 .422
ret2. male, compatible 6 30.000 22.680 9.259
ret2, male, incompatible 6 10.667 5.317 2.171
ret2. male, noncontext 6 16.000 11.153 4.553
ret2. male, phonetic 6 9.333 5.574 2.275
ret2. male, model 6 5.833 1.941 .792
ret2. female, compatible 6 5.667 3.266 1.333
ret2. female, incompatible 6 3.000 1.549 .632
ret2. female, noncontext 6 11.833 8.495 3.468
ret2. female, phonetic 6 4.000 1.789 .730
ret2. female, model 6 2.500 1.378 .563
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Table 11. Means (Standard Deviations) of successful catches in transfer for
teaching condition, gender, and transfer test.
Means Table
Effect: tran b locks * com patibility * gender * group  
D ependent: T ransfer
tl, inc, male, compatible 
tl, inc, male, incompatible 
t1, inc, male, noncontext 
tl, inc, male, phonetic 
fl, inc, male, model 
tl, inc, female, compatible 
tl, inc, female, incompatible 
tl, inc, female, noncontext 
fl, inc, female, phonetic 
tl, inc, female, model 
tl, comp, male, compatible 
tl, comp, male, incompatible 
tl, comp, male, noncontext 
tl, comp, male, phonetic 
tl, comp, male, model 
tl, comp, female, compatible 
tl, comp, female, incompatible 
tl, comp, female, noncontext 
tl, comp, female, phonetic 
tl, comp, female, model 
t2, inc, male, compatible 
t2, inc, male, incompatible 
t2, inc, male, noncontext 
t2, inc, male, phonetic 
t2, inc, male, model 
t2, inc, female, compatible 
t2, inc, female, incompatible 
t2, inc, female, noncontext 
t2, inc, female, phonetic
Count Mean Std. Dev. Std. Error
3 13.000 8.888 5.132
3 7.333 1.155 .667
3 13.667 14.154 8.172
3 11.667 8.505 4.910
3 7.333 3.215 1.856
3 4.000 2.000 1.155
3 1.667 .577 .333
3 16.000 19.287 11.136
3 3.000 1.000 .577
3 2.333 .577 .333
3 35.000 15.716 9.074
3 8.667 6.110 3.528
3 17.333 9.452 5.457
3 10.667 7.024 4.055
3 12.000 6.557 3.786
3 6.333 4.041 2.333
3 4.667 2.082 1.202
3 13.333 9.713 5.608
3 5.333 2.082 1.202
3 3.333 2.309 1.333
3 25.000 28.355 16.371
3 9.000 1.732 1.000
3 11.667 6.028 3.480
3 9.000 5.568 3.215
3 5.667 2.082 1.202
3 4.000 1.000 .577
3 1.667 .577 .333
3 15.667 12.097 6.984
3 3.667 2.082 1.202
(table con'd.)
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t2. inc, female, model 3 2.000 1.000 .577
t2, comp, male, compatible 3 27.667 13.051 7.535
t2, comp, male, incompatible 3 9.000 6.083 3.512
t2, comp, male, noncontext 3 16.667 11.719 6.766
t2, comp, male, phonetic 3 9.000 5.568 3.215
12, comp, male, model 3 10.667 5.508 3.180
12, comp, female, compatible 3 8.000 5.292 3.055
12, comp, female, incompatible 3 5.000 1.000 .577
12, comp, female, noncontext 3 12.667 7.506 4.333
12, comp, female, phonetic 3 6.667 3.215 1.856
12. comD. female, model 3 3.000 1.732_ ____JL.Q00
13, inc, male, compatible 3 17.000 12.124 7.000
13, inc, male, incompatible 3 13.000 3.464 2.000
t3, inc, mate, noncontext 3 10.000 4.583 2.646
t3, inc, male, phonetic 3 9.667 5.859 3.383
13, inc, male, model 3 6.333 2.517 1.453
t3. inc, female, compatible 3 4.667 2.082 1.202
t3, inc, female, incompatible 3 1.667 .577 .333
13, inc, female, noncontext 3 12.667 10.504 6.064
t3. inc, female, phonetic 3 3.667 2.082 1.202
t3, inc, female, model 3 2.333 1.528 .882
t3, comp, male, compatible 3 31.667 16.042 9.262
t3, comp, male, incompatible 3 12.667 9.713 5.608
13, comp, male, noncontext 3 21.667 12.503 7.219
13, comp, male, phonetic 3 11.667 10.017 5.783
13, comp, male, model 3 8.000 3.606 2.082
13, comp, female, compatible 3 8.000 5.196 3.000
t3, comp, female, incompatible 3 5.667 2.082 1.202
13, comp, female, noncontext 3 16.000 11.533 6.658
t3, comp, female, phonetic 3 6.333 1.528 .882




Table 12. Acquisition data experiment 1.
Group Colu...
acq hem isphericity
Ele... Ele... Ele... Ele...
1 1 1 2 2 2 3 left
2 1 2 2 2 2 2 left
3 1 1 2 2 2 2 left
4 1 1 2 2 3 2 left
5 1 1 2 2 2 3 left
6 1 2 1 2 2 3 left
7 1 1 2 1 2 2 rig h t
8 1 1 2 2 2 2 rig h t
9 1 1 11 2 2 3 rig h t
1 0 1 2 2 1 2 3 rig h t
1 1 1 2 2 2 2 3 rig h t
1 2 1 1 1 2 2 3 rig h t
1 3 1 1 2 3 2 2 in te r
1 4 1 1 2 2 2 2 in te r
1 5 1 1 2 2 3 2 in te r
1 6 1 1 2 2 2 3 in te r
1 7 1 1 1 2 2 3 in te r
1 8 1 2 2 1 2 2 in te r
1 9 2 2 1 4 2 4 left
2 0 2 1 2 2 2 3 left
21 2 1 1 3 3 5 left
2 2 2 1 2 2 2 2 left
2 3 2 1 2 2 2 3 left
2 4 2 1 2 4 3 2 left
2 5 2 0 1 2 2 2 rig h t
2 6 2 2 2 2 1 3 rig h t
2 7 2 1 2 2 3 2 rig h t
2 8 2 1 2 1 3 1 rig h t
2 9 2 1 2 1 2 8 rig h t
3 0 2 1 2 1 3 2 rig h t
31 2 2 2 1 3 2 in te r
3 2 2 1 1 3 3 4 in te r
3 3 2 1 2 2 2 3 in te r
3 4 2 1 1 2 3 5 in te r
3 5 2 1 2 2 2 2 in te r
3 6 2 1 2 2 3 3 in te r
3 7 3 0 2 2 2 3 left
3 8 3 2 2 1 2 7 left
3 9 3 1 2 4 6 2 left
4 0 3 1 2 2 2 4 left
4 1 3 1 2 2 4 2 left
4 2 3 1 1 1 2 6 left
4 3 3 2 2 3 4 2 rig h t
4 4 3 2 2 2 3 3 righ t
4 5 3 2 2 2 4 5 rig h t
4 6 3 1 1 5 4 1 5 rig h t
4 7 3 1 2 5 5 6 rig h t
4 8 3 1 1 2 5 6 rig h t
4 9 3 1 2 3 5 5 in te r
5 0 3 0 1 1 3 6 in te r
5 1 3 1 2 3 4 2 in te r
5 2 3 2 2 2 3 3 in te r
5 3 3 1 2 4 4 5 in te r
5 4 3 1 1 5 4 1 5 in te r
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Table 13. Retention data experiment 1.
Group
R etention
h e m isp h e ric ity
test 1 tes t 2 tes t 3 tes t 4
1 1 2 2 2 3 left
2 1 2 2 2 2 left
3 1 2 2 2 2 left
4 1 2 2 3 2 left
5 11 2 2 2 3 left
6 1 1 2 2 3 left
7 1 2 1 2 2 rig h t
8 1 2 2 2 2 rig h t
9 1 1 2 2 3 rig h t
1 0 1 2 1 2 3 rig h t
1 1 f 1 2 2 2 3 rig h t
1 2 1 1 2 2 3 rig h t
1 3 1 2 2 2 2 in te r
1 4 1 3 3 3 3 in te r
1 5 1 2 2 3 2 in te r
1 6 1 3 2 3 2 in te r
1 7 1 1 1 2 2 in te r
1 8 1 2 2 3 2 in te r
1 9 2 1 4 2 4 left
2 0 2 2 2 2 3 left
21 2 1 3 3 5 left
2 2 2 2 2 2 2 left
2 3 2 2 2 2 3 left
2 4 2 2 4 3 2 left
2 5 2 1 2 2 2 r ig h t
2 6 2 2 2 1 3 rig h t
2 7 2~i 2 2 3 2 rig h t
2 8 2 2 1 3 1 rig h t
2 9 2 2 1 2 8 rig h t
3 0 2 2 1 3 2 rig h t
3 1 2 2 1 3 2 in te r
3 2 2 1 2 3 3 in te r
3 3 2 3 2 3 3 in te r
3 4 2 2 2 2 2 in te r
3 5 2 2 3 4 2 in te r
3 6 2 1 2 3 2 in te r
3 7 3 3 3 3 4 left
3 8 3 2 2 2 3 left
3 9 3 2 1 2 7 left
4 0 3 2 4 6 4 left
4 1 3 2 2 2 4 left
4 2 3 2 2 4 3 left
4 3 3 1 1 2 6 rig h t
4 4 3 2 3 4 2 rig h t
4 5 3 2 2 3 3 rig h t
4 6 3 2 2 2 5 rig h t
4 7 3 1 5 4 1 5 rig h t
4 8 3 2 5 5 6 rig h t
4 9 3 1 2 2 6 in te r
5 0 3 2 3 5 5 in te r
5 1 3 3 3 3 3 in te r
5 2 3 2 4 3 5 in te r
5 3 3 3 4 6 4 in te r
5 4 3 3 2 5 4 in te r
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Table 14. Acquisition, retention, and transfer data experiment 2.
A c q u is it io n T r a n s f e r
c o m p s .. g e n d e r g r o u p p r e t e s td a v  tw o
b l b 2 b 3 0 4 b 5 b1 b 2 0 3 0 4 b S r e t l r e t 2 H
1 2 t 3
1 2 2 2 2 3 3 3 3 3 3 3 3 3
3 3 in e c o m p a t ib le 1
5 5 0 9 7 1 5 1 7 2 8 2 1 1 7 11 1 0 I S 2 4 m e m a te c o m p a t ib le
3 7 6 0 8 1 0 1 9 2 3 2 3 2 4 2 0 1 3 5 2 2 0 5 7 2 4 in c m a te c o m p a t ib le
9 4 1 1 1 1 2 2 3 3 3 3 2 3 2 3 3 m e te rn .. . c o m p a t ib le iI 5 2 2 3 2 4 4 3 5 5 4 3 5 0 5 7 m e fe rn .. . c o m p a t ib le
D 0 2 3 3 4 4 3 4 4 4 5 3 4 4 4 4 m e fe rn .. . c o m p a t ib le 1
5 8 a 8 1 5 2 1 1 5 3 2 2 4 2 6 2 9 3 0 4 9 3 2 4 7 c o m p m a le c o m p a t ib le
9 a 4 5 0 7 8 1 3 1 7 2 2 2 7 2 9 2 0 5 9 3 8 3 8 3 3 c o m p m a le c o m p a t ib le
9 3 S s 6 9 7 8 9 9 8 7 1 9 1 8 1 3 1 5 c o m p m a le c o m p a t ib le 1
1 0 2 2 3 3 3 5 3 3 4 4 3 4 4 0 5 c o m p (e m ... c o m p a t ib le
1 1 1 1 1 1 1 7 9 8 8 1 0 3 1 2 1 1 1 4 1 4
c o m p fe rn .. . c o m p a t ib le 1
1 2 2 3 3 4 4 4 4 5 5 0 4 0 4 4 5 c o  m o fe rn .. . c o m p a t ib le
i
1 3 3 3 5 3 5 7 7 7 8 1 0 0 1 0 8 1 0 1 5 m e m a le in c o m p a tib le
1
1 4 2 2 4 3 4 4 3 5 7 0 S 8 0 7 9 m e m a le in c o m p a t ib le
t
I lS 3 3 5 3 5 7 7 7 0 1 0 8 1 0 8 1 0 1 5 m e m a le in c o m p a tib le
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 in c te m .. . in c o m p a tib le
i
1 1 7 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 m e fe rn .. . in c o m p a tib le
I 1 8 2 1 1 2 2 2 2 2 2 2 2 2 2
2 2 m e 1
1 9 1 1 1 1 1 2 2 2 2 2 1 2
2 2 2 c o  m o m a le in c o m p a tib le i
I 2 0 4 4 5 0 5 9 a 9 11 1 1 1 0 1 0
1 0 1 3 2 1 c o m p m a le
2 1 2 3 3 4 4 5 4 5 5 e 8 1 2
1 4 1 2 1 5 c o m p m a le in c o m p a t ib le 1
I 2 2 2 2 2 2 3 4 3 4 4 3 3
4 4 5 5 c o  m o fe rn .. .
2 3 1 4 4 1 2 4 3 4 2 3 4
4 3 4 4 c o m p fe rn .. . I n c o m p a tib le 1
2 4 1 2 2 3 3 4 3 4 4 4 3 5
7 6 8 c o m p 1
2 5 7 1 0 1 4 11 1 1 1 7 1 2 1 5 1 5 1 5 2 3 3 5
3 0 1 8 1 5 in e m a le
2 2 2 2 2 5 8 1 0 9 S 3 1 0 6 11 9 in c m a le 1
2 7
2 2 3 5 4 4 5 7 7 0 0 8 5 0 0
in e m a le n o n e o n te m
4 7 7 1 0 8 1 0 1 9 1 0 1 5 1 6 11 2 4 3 6 2 0 2 3 in c
le m .. . n o n c o n ie x t 1
2 9 4 8 8 1 2 9 8 8 9 1 2 1 2 0 1 2
8 2 6 1 3 fe rn .. . 1
I 3 0 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 in c fe rn .. . n o n c o n te x t i
(table con'd.)
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3 1 3 4 9 7 9 1 3 1 1 9 9 8 i a l 1 2 1 4 6 1 0 com © m a t* n o n e o m e x i 2
3 2 3 2 3 2 3 4 4 8 6 9 3 7 1 0 1 2 1 3 c o m o m a in n o n c o n te x i 1
3 3 3 1 2 1 1 1 4 1 4 1 5 1 0 2 0 1 0 1 5 2 0 2 4 2 0 3 0 3 8 com © m a la n o n c o n te x t 1 I
3 4 S 9 5 5 S 7 5 7 4 1 2 4 1 2 1 1 1 3 1 5 c o m o ( a m .. . n o n c o n te x i 1 I
3 5 2 3 4 4 4 0 a 1 3 1 3 1 1 5 1 6 2 4 2 0 2 0 c o m o 1 a m .. . n o n c o n te x i 2  I
3 0 2 2 2 3 3 4 4 4 3 4 3 3 5 5 5 c o m o fe rn .. . n o n c o n te x i 2  I
3 7 1 1 1 1 1 2 2 3 3 2 1 3 3 3 3 in c m a la p h o n a t i c 1
3 0 3 4 4 4 4 3 4 4 4 6 0 1 2 1 2
1 4 1 2 in c m a la p h o n e t ic 2
3 9 3 5 5 6 5 5 6 7 1 6 8 1 0 1 0 2 0
1 0 1 4 m e m a la o h o n e n c 2
4 0 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 in e fe rn .. . p h o n e t i c
1
4 1 2 2 2 2 3 3 3 3 4 3 3 4 3
3 3 m e ( a m .. . p h o n a t i c 1
4 2 2 2 2 3 3 4 3 3 5 4 3 5 4
0 0 m e ( a m .. . o h o n a t ic 1
4 3 2 2 3 3 3 4 3 4 4 5 3 6 1 0 6 a c o m o m a la p h o n e t i c
1
4 4 2 1 2 3 3 4 4 4 0 6 4 1 4 1 0
1 5 2 3 c o m o m a la p h o n e t i c 2
4 5 3 2 3 3 3 4 4 4 3 3 5 3
4 4 4 c o m o m a la o h o n e n c 2
4 6 1 1 2 2 3 3 3 3 3 3 3 3 3
3 5 c o m o ( a m .. . p h o n e t i c 1
4 7 2 2 2 3 3 3 3 3 3 3 2 3 6 6
6 c o m o ( a m .. . o h o n e t t c 1
40 1 2 2 3 4 5 4 4 6 0 4 7 7 9 8 c o m o ta r n .. . p h o n e t i c
1
4 9 2 2 3 3 4 5 5 8 5 5 7 0 11 8
9 tn c m a la m o e a l 2
5 0 3 3 4 4 4 5 4 4 7 5 7 4 0 5
4 m e m a la m o d e l 2
5 1 2 2 3 3 4 4 5 4 0 4 4 5 5
4 0 m e m a la m o d a l 1
h ? 2 2 1 2 2 2 2 2 2 2 2 2 2
2 2 m e ( a m .. . m o d a l 1
5 3 3 3 3 4 3 4 3 4 4 4 3 3 3
3 4 tn c ( a m .. . m o d a l 2
5  4 3 3 3 3 3 3 3 3 3 3 2 2 2
1 1 in c ( a m .. . m o d a l 1
5 5 1 1 2 3 3 5 0 6 7 7 3 7 11
1 0 9 c o m o m a la m o d a l 1
5 0 1 3 4 4 3 5 9 7 5 0 0 9 1 9
1 1 11 c o m o m a la m o d a l 1
5 7 3 2 2 2 3 3 3 3 3 3 3 4 6
5 4 c o m o m o d e l 2
5 8 1 1 1 1 2 1 2 1 2 1 1 1 2
2 2 c o m o ( a m .. . m o d a l 1
5 9 1 1 2 2 2 2 1 2 2 2 2 2 2
2 2 c o m o ( a m .. . m o d e l 1
6 0 2 2 2 3 3 4 4 4 5 7 4 5 6




Table 15. ANOVA Table for Pretest in Experiment 1.
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Type III S u m s o f S q u ares
Source qt sum of Squares Mean Square F-Value P-Value
Group 2 .259 .130 .461 .6339
hemisphericity 2 .259 .130 .461 .6339
Group * hemisph... 4 .963 .241 .855 .4980
Residual 45 12.667 .281
Dependent: Column 2
Table 16. ANOVA Table for Acquisition in Experiment 1.
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Type III Sum s of S q u ares
Source d f  Sum o f .. .  M ean ... F-Value P-V alue G-G H-F
Group 2 6 8 .1 1 1 3 4 .0 5 6 1 6 .0 9 6 .0001
h em isp h eric ity 2 2 .5 8 3 1 .2 9 2 .61 1 .5 4 7 5
hem isphericity ” Group 4 1 5 .3 0 6 3 .8 2 6 1 .8 0 9 .1 4 3 8
Subject(G roup) 4 5 9 5 .2 0 8 2 .1 1 6
acq da ta 3 1 0 9 .3 4 7 3 6 .4 4 9 1 8 .4 0 9 .0001 .0001 .0 0 0 1
acq  data  * Group 6 4 6 .2 2 2 7 .7 0 4 3 .8 9 1 .0 0 1 3 .0 1 6 0 .0 1 0 5
acq  da ta  * hem isphericity 6 4 .9 7 2 .8 2 9 .4 1 9 .8 6 5 7 .7191 .7 5 5 0
acq  d a ta  * hem isphericity * Group 12 1 0 .9 1 7 .9 1 0 .4 5 9 .9 3 4 8 .8 1 7 4 .8 4 8 4
acq  da ta  * Subject(Group) 1 3 5 2 6 7 .2 9 2 1 .9 8 0
Dependent: acq
Table of Epsilon F ac to rs  for df A djustm ent 
D ependent: acq
G-G Epsilon H-F Epsilon 
acq  data  .4 4 9  .5 4 0
Table 17. ANOVA Table for Retention in Experiment 1.
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T ype III S u m s of S q u a re s
Source d f  Sum o f ... M ean ... F-Value P-V alue G-G H-F
Group * hemisphericity 4 6 .1 5 7 1 .5 3 9 .8 8 8 .4791
Group 2 5 9 .1 4 8 2 9 .5 7 4 1 7 .0 5 3 .0001
hem isphericity 2 .731 .3 6 6 .211 .8 1 0 7
Subject(G roup) 4 5 7 8 .0 4 2 1 .7 3 4
t e s t 3 69 .051 2 3 .0 1 7 1 7 .2 1 9 .0001 .0001 .0001
tes t * Group * hemisphericity 12 9 .9 5 4 .8 2 9 .621 .8 2 1 9 .7 2 2 6 .7 5 3 4
tes t * Group 6 2 9 .1 8 5 4 .8 6 4 3 .6 3 9 .0 0 2 2 .0 1 4 9 .0 0 9 3
te s t '  hemisphericity 6 1 5 .6 0 2 2 .6 0 0 1 .9 4 5 .0 7 7 9 .1 2 6 5 .1 1 2 2
tes t '  Subject(Group) 135 1 8 0 .4 5 8 1 .3 3 7
Dependent: Retention
T ab le  o f E psilon  F a c to rs  fo r d f A d ju stm en t 
D e p e n d e n t: R e te n tio n
G-G Epsilon H-F Epsilon 
t e s t  .531 .6 4 5
Table 18. ANOVA Table for Pretest in Experiment 2.
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Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
group 4 .233 .058 .226 .9224
Residual 5 5 14.167 .258
Dependent: pretest
Table 19. ANOVA Table for Acquisition in Experiment 2.
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Type III Sum s of Squares
d( Rum o f .. .  M ean Square F-Value P-Value G-G H-Fsource
gender 1 1187 .227
1187 .2 2 7 17.744 .0001
group 4 2 2 3 5 .3 7 7
5 5 8 .8 4 4 8.352 .0001
gender * group 4 89 8 .8 5 7
2 2 4 .7 1 4 3.359 .0164
Subfect(Group) 50 33 4 5 .4 3 3 6 6 .9 0 9
day 1 1290 .667 1290 .6 6 7 72.686 .0001
.0001 .0001
day ‘ gender 1 26 1 .3 6 0 2 6 1 .3 6 0 14.719
.0004 .0004 .0004
day * group 4 5 3 5 .2 1 7 13 3 .804 7.535 .0001
.0001 .0001
day '  qender * qroup 4 28 0 .7 2 3 70.181 3.952 .0073 .0073
.0073
day * Subiect(Group) 50 8 8 7 .8 3 3 1 7 .757
blocks 4 2 2 9 .7 4 3 5 7 .4 3 6 25.868 .0001
.0001 .0001
blocks * gender 4 5 0 .2 9 0 1 2 .573 5.662 .0002
.0016 .0006
blocks * group 16 102 .973 6 .4 3 6 2.899 .0003 .0019
.0007
blocks * gender ’ group 16 8 4 .1 2 7 5 .2 5 8 2.368 .0030
.0108 .0054
blocks * Subject(Group) 200 4 4 4 .0 6 7 2 .2 2 0
day * blocks 4 4 .9 5 0
1 .237 .681 .6057 .5748 .6057
day * blocks ’ gender 4 6 .6 5 7
1 .664 .916 .4556 .4400 .4556
day ’ blocks * group 16 4 4 .0 0 0 2 .7 5 0
1.514 .0975 .1181 .0975
day '  blocks '  qender * group 16 6 6 .2 6 0 4.141 2.280
.0044 .0089 .0044
day * blocks '  Subject(Group) 200 36 3 .3 3 3 1 .817
Dependent: Acquisition
Table of Epsilon F acto rs for df A djustm ent 




NOTE: Probabilities are not corrected for values 
of epsilon greater man 1.




Table 20. ANOVA Table for Retention in Experiment 2.
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Type III S u m s of S q u a re s
Source d f Sum of Sg... Mean Soua... F-Value P-V alue G-G H-F
gender 1 1 4 9 1 .0 7 5 1 4 9 1 .0 7 5 1 9 .8 2 0 .0 0 0 1
group 4 1 6 6 4 .7 1 7 4 1 6 .1 7 9 5 .5 3 2 .0 0 0 9
genoer • group 4 9 3 7 .7 1 7 2 3 4 .4 2 9 3 .1 1 6 .0 2 2 9
Subiect(G roup) SO 3 7 6 1 .5 8 3 7 5 .2 3 2
ret days 1 4 9 2 .0 7 5 4 9 2 .0 7 5 2 0 .4 7 6 .0 0 0 1 .0001 .0001
ret days * genoer 1 1 1 0 .2 0 8 1 1 0 .2 0 8 4 .5 8 6 .0 3 7 1 .0371 .0371
ret days * group 4 2 5 0 .7 1 7 6 2 .6 7 9 2 .6 0 8 .0 4 6 6 .0 4 6 6 .0466
ret days • gender * group 4 1 7 0 .9 1 7 4 2 .7 2 9 1 .7 7 8 .1 4 8 0 .1 4 8 0 .1 4 8 0
ret days '  Subject(Group) SOI 1 2 0 1 .5 8 3 2 4 .0 3 2 1
D ependent Retention
T able  o f E p silo n  F a c to rs  fo r d f  A d ju s tm en t 
D e p e n d e n t:  R e te n tio n
G-G Epsilon H-F Epsilon 
ret days 1 0 0 0 1 1 .1 8 4
iJCTE. Probabilities are not corrected  for values 
of epsilon greater man 1 .
Table 21. ANOVA Table for Transfer in Experiment 2.
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Type III Sum s of S quares
S o u rc e df Sum of ... Mean Sq...
F-Value P-Value G-G H-F
onmnatibllitY 1 2 6 9 .2 0 3
2 6 9 .2 0 3 1.746 .1938
1 2272 .111 2 2 7 2 .1 1 1 14.739 .0004
group 4 3436 .6 9 6 8 5 9 .1 7 4 5 .573
.0012
1 2 5 7 .187 2 5 7 .1 8 7 1.668 .2039
compatibility '  group 4 4 5 0 .410 1 1 2 .6 0 3
.730 .5765
4 1 8 7 7 .024 4 6 9 .2 5 6 3.044 .0279
4 6 3 5 .9 4 4 1 S 8 .9 8 6 1.031 .4030
SubjectfGroup) 40 6 1 6 6 .1 6 7
1 5 4 .1 5 4
tran blocks 2 6 .1 3 4
3 .0 6 7 .171 .8427 .7747 .8427
tran bloeks '  comoatibllitv 2 4 3 .7 6 4 2 1 .8 8 2 1.223
.2997 .2913 .2997
2 5 .366 2 .6 8 3 .150 .8609 .7944 .8609
tran blacks * group 8 73 .560
9 .1 9 5 .514 .8426 .7917 .8426
2 3 1 .649 1 5 .8 2 4 .885 .4169 .3891 .4169
tran blocks '  comoatibllitv * group 8 183 .778
2 2 .9 7 2 1.284 .2635 .2792 .2635
tran blocks * gender '  group 8 7 1 .3 8 3
8 .9 2 3 .499 .8537 .8031 .8537
8 147 .784 1 8 .4 7 3 1.033 .4188 .4127 .4188
tran blocks '  Sublect(Group) _ 80 1431 .000
1 7 .8 8 7
Dependent: Transfer
Table of Epsilon F ac to rs  for df Adjustment 
D ep en d en t: T ra n s fe r
G-G Epsilon H-F Epsilon
tran blocks .734 1.117
MOTE. Probabilities are not corrected lor values 
of epsilon greater titan 1.
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